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NUTRITIONAL DEFICIENCIES AS A CAUSE OF ELEVATED BLOOD 
PRESSURE IN RATS (WITH ESPECIAL REFERENCE 
TO THE VITAMIN B, COMPLEX)* 

BvROYALLM CALDER, M D 
(From the Clayton Foundation for Research, Houston) 

(Received for publication, March 19, 1942) 

Many recent experimental observations are compatible with the idea that 
certain types of hypertension may be of metabolic origin and that the effec- 
tive etiologic mechanism is diminished ondati\ e activity of the kidney The 
close connection between some of the vitamins and metabolic processes Bug 
gests that vitamin deficiencies might cause a rise in blood pressure b) limiting 
the oxidative capacity of the kidney Such a possibility has been adopted as a 
working hypothesis in the present study, attention being given especially 
to deficiencies of vitamin B since this complex is known to furnish important 
components of several respiratory enzyme systems. The results indicate 
that a reduced intake of the entire complex is followed by a slight fall in the 
blood pressure of rats, whereas a deficiency of only the heat-stable portions 
of this complex leads to a reversible rise in blood pressure 

The discovery by Goldblatt (1) that constriction of the renal artenes is followed 
by persistent hypertension has been interpreted by same authorities as indicating 
that "arterial and arteriolar sclerosis of the kidney probably precedes and determines 
the existence of hypertension' (2) However the occurrence of even a few cases of 
essential hypertension without arteriolar changes and the observation that hyper 
tension Itself may cause artenolosclerosis (3) have kept alive the question of ‘whether 
arteriolar sclerosis in the kidney is cause or effect, or both, of hypertension" (2) 
The search for etiological factors which might cause hypertension by duplicating the 
physiologic consequences of renal ischemia and which might even lead to sclerosis 
of the artenoles cannot, therefore, be abandoned 

Within rectnt years, much experimental work has served to revive the old Idea 
that essential hypertension may be a metabolic disease Suggestive evidence, re 
viewed by Blalock (4), is to be had from the fact that the mediator of experimental 
hypertension is a blood borne chemical though whether the effective part of the 
mechanism is an excess of pressor substances or an insufficiency of anti-pressor sub- 
stances has yet to be determined definitely More direct evidence in favor of the 
possibility was supplied by Dicker (5), who showed that the for m at i on of pressor 

* The studies on which this paper is based were conducted with the support and 
under the auspices of the Clayton Foundation for Research. Laboratory space and 
other physical facilities were provided by the Duke University School of Medicine, 
whose generosity' is gratefully acknowledged 
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substances by the kidney is in no way related to its excretory functions The older 
objections to the theory of the metabolic origin of hypertension were thereby elimi- 
nated, for these objections had been based mainly on the fact that the majority of 
patients with hypertension do not show any impairment of renal excretory functions 
(6) Finally, the essential metabolic nature of experimental renal hypertension has 
been firmly established by the work of Rodbard (7) and of Rodbard and Katz (8) 
According to these authors, the chemical mediator of hypertension is a normal product 
of renal intermediate metabolism which is usually destroyed as rapidly as it is formed 

If the latter interpretation be correct, then the problem resolves itself into a search 
for the mechanism by which ischemia might cause metabolic abnormalities m the 
kidney A clue of possible profit in this search is the finding that constriction of 
the renal arteries leads to dimin ished consumption of oxygen by the ischemic organ, 
this has been demonstrated both in the intact animal (Levy, Light, and Blalock (9)) 
and \n vitro by the manometnc studies of Garbi, Rubenstein, and Goldblatt (10) 
The possibility therefore arises that the unknown metabolic defect may be dependent 
upon inadequate oxidation in the kidney This suspicion is somewhat strengthened 
by the observation of Holtz and Heise (11) that in the absence of oxygen the incu- 
bation of i-dihydroxyphenylalamne (dopa) with renal cortex extract results in the 
formation of a pressor amine Bmg (12) and Bing and Zucker (13) have noted a 
similar reaction on perfusion of ischemic kidney, the amount of pressor substance 
being inversely proportional to the perfusion rate These authors believe that this 
pressor amine results from the incomplete oxidation of dopa, and that the reaction 
is the prototype of perhaps many such reactions, all of which may contribute to the 
hypertensive mechanism In the presence of oxygen, this pressor amine is oxidized 
further to a non-pressor substance, presumably by oxidative deaminization, a process 
which Kempner (14) has shown is impeded by low oxygen tensions 

The foregoing experimental observations admittedly would provide a 
plausible explanation of the hypertensive mechanism Their acceptance as 
the actual explanation, however, necessitates the assumption that arteriolar 
or arterial sclerosis precedes the development of hypertension in every case, 
and, as stated above, there are vahd objections against this assumption uni- 
versally In postulating that hypertension precedes the sclerosis, on the other 
hand, one is automatically abandoning organic interference with the blood 
supply as the primary cause of diminished oxidation in the kidney and is 
forced to look elsewhere for the explanation Theoretically, one possible 
explanation hinges on the fact that biological oxidations are dependent not 
only on an adequate supply of oxygen but also on a multiplicity of enzymC 
systems the integrity of which is essential if oxidation is to proceed m a normal 
fashion It is conceivable that the various oxidative functions of the kidney 
might be seriously compro mis ed if there were a deficiency m these enzyme 
systems This possibility is strengthened by the investigations of Schroeder 
and Adams (15), who demonstrated that tyrosinase has the capacity of inac- 
tivating rerun and other pressor substances, as well as of combating experi- 
mental artenal hypertension 
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In this connection, it is important to recall that certain components of these 
enzyme systems, such, for example, os the majority of the specific dehydrogen 
ases, are intracellular and presumably an intimate part of the cell structure 
itself, others, such as the prosthetic groups of the di- and tnphosphopyndme 
nucleotides and the flavins, are derived from exogenous sources It is obvious 
that if these exogenous sources are cut off, the effectiveness of those systems 
involving coenzymes and flavoproteins must be reduced The consequence 
would be a diminution of oxygen utilization by the body, including the kidney, 
and thus a conditioh would be created in the kidney duplicating that produced 
mechanically by the Goldblatt clamp 

This concept has provided a working hypothesis m the present study Since 
the vitamin B complex is the source of several important components of the 
respiratory enzyme systems, it was chosen for the initial studies reported 
below Analogous studies on a human subject, with similar results, have been 
reported by Elsom (16) The results of the present experiments are com- 
patible with but by no means definitive proof of the working hypothesis just 
outlined 

Materials and Methods 

Experimental Animals — Most of the rats used in these experiments were obtained 
from a breeding colony of the Vanderbilt strain (17) Those used in Experiment 2 
were from a piebald strain obtamed from the School of Hygiene Johns Hopkins Uni 
versity At the beginning of each experiment they varied m age from 8 to 10 weeks. 

Diets — The rats were raised on a stock diet consisting of commercial dog chow 
checkers, 1 * * lettuce or other green vegetables, and white bread, and in addition re 
celved fresh milk for the 4 weeks following weaning 

The basic vitamin B free diet was that described by GySrgy and Goldblatt (18) 
and consisted of 18 parts of vitamin -free casein, 1 68 of commercial sucrose, 8 of melted 
butter fat, 4 of u B p salt mixture No 2 * and 2 of cod liver oik As indicated in 
the protocols various supplements were administered as follows thiamin chloride 
in aqueous solution by dropper, m the amount of 40 ji gm. per rat per day, dried 
brewers’ yeast 4 * either autodaved or unautoclaved and m amounts as noted erode 
aqueous extract of liver, 1 1 mL per rat per day, a concentrated extract of rice polish 
ings, 6 0.5 mL per rat per day The latter three ingredients were mixed with the 
foodstuff 

The term vilamtn B\ complex is used throughout this paper to denote the heat 
stable fractions of the vitamin B complex. 

1 Punna brand. 

*Labco brand, The Borden Company, New York City 

1 S M A Corporation, Cleveland. 

4 Mead a brand. 

1 Valentine Meat Juice Company, Richmond 

• 'Vi tab” famished gratis by National Oil Products Company, Harrison, 
New Jersey 
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Laboratory Conditions — The rats were kept m roomy cages equipped with wire 
mesh bottoms to prevent access to the feces Scrupulous cleanliness was mam- 
tamed m order to avoid epidemics During the summer months the laboratory was 
air-conditioned, the temperature being kept constant at 70-75°F 
Description and Discussion of Methods of Estimating Blood Pressure — The method 
described by Williams, Hamson, and Grollman (19) was used m estimating blood 
pressure The readings so obtained are measures of mean pressures and are thus 
lower than the actual systolic levels The method presented certain difficulties, 
arising from the fact that preliminary heatmg of the animals is required m order to 
produce a vigorous circulation through the tail In general, the deficient rats require 
more heatmg for this purpose than do normal animals, but deficient animals with- 
stand heatmg very poorly Hence it was necessary carefully to standardize the 
duration of heatmg In all except Experiment 1, the animals were handled m 
groups of four and were kept m the warmer box for 5 mmutes and then transferred 
to the cooler box, from the latter, they were taken at random, and the readings on 
all four were completed within the ensuing 5 mmutes Only by strict adherence to 
these conditions can comparable pressure readings be obtained 
When large numbers of pressures were being determined, the temperature of the 
boxes of course varied somewhat, and smce the boxes were opened frequently, thermo- 
static control was impractical The varying temperatures were therefore compen- 
sated by altematmg control and experimental groups of four animals with strict 
regularity 

It was found also that repeated heatmg of deficient rats has a rapidly cumulative 
effect If pressure readings are attempted at too frequent intervals, many of the 
animals go into partial or complete collapse with resultant fall m arterial tension 
Intervals of at least 3 days and preferably a week appear essential 

The accuracy of the above method of estimating blood pressures was checked by 
insertion of a cannula directly into the abdommal aorta, as described m Experi- 
ment 5 The findings indicate the reliability of the indirect method, provided 
the various precautions mentioned are observed meticulously 

EXPERIMENTAL 

Influence of a Complete Deficiency of the Vitamin B Complex and of the Vitamin 
J5 2 Complex on Blood Pressure 

Experiment 1 — One group of 50 rats was placed on a diet completely devoid of all 
components of the vitamin B complex, after 2 weeks on this regime, thiamin chloride 
was administered A second group of 50 animals was placed on an identical diet, and 
autoclaved yeast was mixed with the foodstuff in the proportion of 5 per cent, after 
2 weeks of this regime, the amount of yeast was increased to 10 per cent, and after 1 
week of this treatment, the animals were subdivided mto two groups of 25 each, one 
group receiving a supplement of liver extract and the other group receiving a supple- 
ment of extract of nee polishings 

The results of this experiment are shown in Figs 1 and 2 During the 1st 
week, the animals which received no vit amin B whatever registered a mod- 
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crate but significant me in blood pressure (from an initial average of 119 
mm Hg to an a\erage of 129 mm ) By the end of the 2nd week, however, 
the pressures had fallen to a point (average, 114 mm ) slightly below the mi 
tial level When the diet was fortified by the addition of thmmin at this 
point, there was an immediate nse m pressure, which reached an average of 
142 mm alter 2 weeks By the end of the 5th week, although the pressures 
were still significant high (138 mm ), the general condition of the animals 
was poor, they had begun to show gross evidences of riboflavin deficiency, 
they had lost weight, and 6 of the original 50 animals had died 



Fio 1 The effects of deficiencies of various vi ta min B fractions on the blood 
pressure of rats (Experiment 1) All readings represent mean pressures which are 
lower than the actual systolic levels. 

The second group of animals was intended to serve as controls However, 
it was found that the addition of 5 per cent yeast was not sufficient to prevent 
a nse of blood pressure, for at the end of the 2nd week the average pressure 
had risen from an initial level of about 120 mm to 139 mm. Hg Increasing 
the yeast supplement to 10 per cent was followed by a significant drop in 
pressure (to an average of 129 mm.) though not to normal levels during the 
1 week of treatment. The farther addition of liver extract or extract of nee 
polishings was followed by prompt return of the pressures to the original 
levels (average, 119 mm.) Since the effect of these two supplements was 
identical, the results have been pooled on the accompanying charts 
Fig 2 is a distribution curve of the pressure readings in these two groups of 
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animals at the end of the 5th week on the experimental diets. Fisher’s / test 
shows that the difference in the blood pressures of the two groups was highly 
significant at the conclusion of the experiment (P < 0 001) 

Experiment 2 — This experiment was identical in design with Experiment 1, except 
for the facts that It was performed in summer rather than winter and that the rats 
were of a piebald strain. Each of the two groups consisted of 50 animals. 

The results of this experiment, which are shown in Fig 3, closely parallel 
those obtained in Experiment 1 The difference in the blood pressures of the 
two groups was likewise highly significant at the end of the experiment 
(P < 0 001) 

Influence of a Partial Deficiency of the Vitamin Bt Complex on Blood Pressure 

Vitamin deficiencies of the completeness represented by the firat two ex- 
periments seldom occur under ordinary conditions of Irving On the other 
hand, partial deficiencies, particularly of the vitamin Bt complex, are com- 
mon Experiment 3 was therefore designed to deter min e the effect of such 
partial deficiencies on the blood pressure 

Experiment 3 — Five groups of 25 rats each were placed on the basic vitamin B free 
diet, plus thiamin by dropper One group received liver extract (controls), a second 
group received no supplement whatever, a third group received autoclaved yeast in 
the amount of 2.5 per cent of the diet by weight, a fourth group received a similar 
supplement of 5 per cent yeast, and a fifth group was permitted to eat yeast as 
desired. 

The results of this experiment are shown m Fig 4 The group receiving 
liver extract maintain ed consistently normal pressures throughout the expen 
ment (average, 118 4 mm Hg, 7 standard deviation of the mean, 0 676) 
The group receiving no vitamin Bj complex whatever showed a consistently 
elevated pressure throughout (average, 135 4 mm., 7 standard deviation of the 
mean, 0 844) The group receiving 2,5 per cent yeast likewise showed a 
consistently elevated pressure throughout (average, 142 2 mm. 7 standard 
deviation of the mean, 0 898) The group receiving 5 per cent yeast also 
showed an elevated pressure, fluctuating between 135 and 140 mm • The 

7 Snedecoris F tat (24) shows that the variations of the weekly average are no 
greater than would be expected from the variations of the individual pressure makin g 
up the average The average of the whole group is therefore used 

* The F tet shows that the variations of the weekly average are slightly greater 
than would be expected from the variations of the individual pressures making up 
the average Pooling the individual readings and striking an average of the whole 
group is therefore unjustified. 
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group which was allowed to eat autoclaved yeast as desired, while theoretically 
provided with an adequate source of the vitamin B 2 complex, refused to eat 
the fortified diet during the early weeks of the experiment, and during this 
time their pressure rose to an average of 139 mm , gradually, however, as 
they ate the yeast better, then pressures dropped and at the end of the 
experiment the average was 124 5 9 



Fig 4 The effects of partial deficiencies of the vitamin B 2 complex on the blood 
pressure and weights of rats (Experiment 3) 


Fisher’s t test shows that the differences in pressures of the groups receiving 
no vitamin B 2 complex, as well as those receiving 2 5 per cent yeast, are highly 
significant when compared with the controls (P < 0 001) Although the 
weekly averages cannot be pooled m the case of the 5 per cent yeast group, 
the t test shows a highly significant difference between each weekly average 
and the corresponding control (P < 0 001) The weekly averages of the 

9 The F test shows that the variations of the weekly averages are considerably 
greater than would be expected from the variations of the individual pressures making 
up the averages St rikin g an average for the whole group is therefore unjustified 
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group receiving yeast ad libitum also cannot be pooled However, according 
to the i test, the differences between this latter and the control group are 
highly significant during the first 9 weeks of the experiment, but by the 10th 
week, the pressures of this group have begun to fall closer to those of the con 
trols (P, 0 02-0 01), and by the end of the experimental period there is no 
significant difference (P, 0 05-0 02) 

Correlation of Changes m Blood Pressure and Weight — A comparison of the 
blood pressure readings with gain or loss of weight, os indicated in Fig 4, 
shows that the blood pressure changes were not related to the general nutn 
tional status of the various animals For example, the group receiving 5 per 
cent yeast gamed a total of 10 per cent in weight, the group receiving no Bj 
complex lost 33 per cent of their weight, and yet the blood pressures of both 
groups rose to approximately the same levels during the course of the expen 
ment 

Influence of General Undernourishment and Consequent Secondary Vitamin 
Deficiencies on Blood Pressure 

It is generally agreed that the functions of many of the vanous accessory 
food factors are so closely interrelated that ascribing a given effect to defi- 
ciency of a specific dietary factor or even group of factors is a difficult matter 
The part played by secondary vitamin deficiencies in inhibiting intestinal 
absorption has been especially emphasized by Susan G Smith (20) She 
was able to show, for example, that when dogs are maintained on a black 
tongue-producing diet, they develop black tongue despite concurrent admin 
istration of nicotinic acid by mouth if, however, the nicotinic acid be adminis- 
tered intravenously, the dogs are promptly cured Obviously, therefore, the 
black, tongue-producing diet causes its characteristic effects not simply be- 
cause of its inadequate content of pellagra preventive factor but also because 
it leads to faulty utilization of this material, due apparently to poor intestinal 
absorption. 

A similar situation has been shown to obtain in the case of vitamin A, for 
Underhill and Mendel (21) produced typical black tongue by means of a diet 
which Smith, Persons, and Harvey (22) showed to be deficient in vitamin A 
Persons and Brown (23) were able to cure the black tongue so product*! by 
the administration of nicotinic acid, huge doses were required by mouth, but 
small doses sufficed if given parenterally Presumably, therefore, a defi 
aency of vitamin A produces black tongue by interfering with intestinal 
absorption 

Because of observations of this kind in nutritional studies, it was thought 
advisable to determine whether similar overlapping of vitamin functions ob- 
tained m the case of the dietary components under investigation m this study 
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Experiment 4 — Ten pairs of rats of identical weight were selected One group was 
placed on the usual vitamin B-free diet supplemented by thiamin The other group 
was similarly treated but in addition received liver extract in the amount of 1 ml 
per rat per day The diets of this latter group were carefully weighed, and the total 
food consumption of each member was restricted to the amount consumed by his 
paired mate in the first group 



WEEKS 

i'lG 5 The eSects of restriction of total food intake and consequent secondary 
rational deficiencies on the blood pressure of rats (Experiment 4) Note that the 
: under such conditions is slower and less marked than when the rats are deprived 
entirely of the vitamin B» complex. 

The weights of the two groups remained practically constant throughout 
the course of the experiment The effects on blood pressure are shown in 
Fig 5 The rats receiving no vi tamin Bj complex showed the prompt and 
sustained rise m blood pressure seen m earlier experiments (from an initial 
average of 116 mm to approximately 150 mm ) Those receiving a plentiful 
supply of liver extract but whose total food intake was restricted likewise 
experienced a rise m blood pressure, though the nse was much slower and 
less marked than in the former group (from an initial average of 110-115 mm 
to 138 mm ) 
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As stressed by Susan G Smith (20), relative speed and intensity of effect 
are important in deciding whether a vitamin is acting m a primary or second- 
ary capacity On the basi3 of these criteria, it would appear that the rapid 
and high rise of pressures seen m the group receiving no vitamin Bj complex 
indicates that this complex is acting in a primary capacity, whereas the slower 
and less marked rise noted in the other group may be the result of secondary 
nutritional deficiencies 

A Check on the Reliability of the Indirect M eihod of Determining Blood Pressure 
The indirect method of determining blood pressures in the foregoing ex 
penments is subject to question because the pr elimin ary heating introduces 


TABLE I 

Maximal Blood Pressvr t of Deficient and Wdl Nourished Rats As Determined by 
Insertion of a Cannula into the Abdominal Aorta 


Blood femora of deficient rati 

Blood premie* of well noorfcihed rati 

mm. Ut 

mm. Eg 

155 

135 

135 

12B 

135 

125 

140 

125 

155 

110 

135 

110 

165 

120 

130 

115 


115 

Average 143 75 

120.33 


df!5 t 4 4938 P< OJ001 


an abnormal variable Although this variable was minimised by heating all 
animals for identical periods of time and was thus a reduplicated error, it 
seemed advisable to check, the accuracy of the indirect method by direct 
measurements of the pressure m the cumulated abdominal aorta 

Experiment J — Two groups of 10 rats each were placed on the usual vitamin B-free 
diet supplemented by thiamin The first group received no other supplement, but 
the second group was given liver extract. After having been on these diets for 5 
weeks the animals were anesthetized by the mtrapentoneal injection of nembutal 
The abdomen was then opened and a cannula inserted into the abdominal aorta 
A solution of heparin was injected to prevent dotting and the cannula was con 
nected with a mercury manometer 

The results of this experiment are detailed in Table I, m which are recorded 
the maximal pressures (mean) attained by the animals which survived the 
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procedure The average maximal pressure of the deficient group was 143 8 
mm Hg (standard deviation, 12 75), while the average maximal pressure of the 
well nourished group was 120 3 mm Hg (standard deviation, 8 57) These 
differences are of the same magnitude as those obtained by the indirect method 
used in. the precedmg experiments The accuracy of the indirect method is 
therefore attested 

It was noted incidentally in the course of this experiment that the deficient 
animals were very intolerant of ether A few whiffs of this agent, admin- 
istered for the purpose of deepening the anesthetic effect of nembutal, were 
sufficient to cause immediate death It was also observed that when the can- 
nula was first inserted, the blood pressures of the deficient animals tended to 
be low and to rise gradually as the observations were continued for the ensuing 
30 or 40 minutes In contrast, the pressures of the well nourished group 
remained relatively constant throughout the period of observation Pre- 
sumably, therefore, the deficient animals were much more subject to shock 
than were the well fed rats 


DISCUSSION 

The results of the above experiments indicate that a deficiency of the entire 
vitamin B complex is followed by a slight fall in the blood pressure of rats 
A deficiency of only the heat-stable fractions, on the other hand, is followed 
by a significant and persistent rise m blood pressure, which can be combated 
successfully by restoring these factors to the diet Partial deficiencies are 
even more effective than are complete deficiencies, probably because of the 
marked debilitating effects of the latter 

These studies also show that even an excessive intake of the vitamin Ba 
complex does not protect the a nimals completely if the diet is otherwise defi- 
cient It is known from studies on other deficiency states, such as canine 
black tongue, that various non-specific nutritional inadequacies may often 
duplicate the pathologic picture of a specific deficiency There is good evi- 
dence that these non-specific nutritional factors exert their effects by inter- 
fering with the absorption and utilization of the specific vitamins It is 
possible, therefore, that an analogous mechanism may be responsible for the 
rise of pressure seen m those a nima ls whose total food intake was restricted 

At the present tune, knowledge of the functions of the vitamin B complex 
is so incomplete that it is impossible accurately to define the mechanism 
whereby these deficiencies mediate a nse m blood pressure One theoretical 
possibility is that some types of hypertension may be metabolic in origin, 
the crucial defect bemg incomplete oxidation in the kidney as a result of an 
inadequate supply of respiratory enzymes Some components of these en- 
zyme systems are an integral part of the structure of the cells themselves, 
others, such as the prosthetic groups of coenzymes I and H and the flavins, 
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have to come from exogenous sources If the intake of these latter com 
ponents be restricted by dietary manipulation, one would expect that the in 
tegrity of those systems to which they contribute would be impaired As a 
consequence, the oxidative processes which depend on those systems would be 
retarded The disturbance produced in this manner would, of course, be a 
generalized one, m which the kidne> would share The effect on this organ 
would be a slowing of the rate at which oxygen is consumed, with resultant 
impairment of its normal metabolic functions This is the same physiologic 
abnormality as that produced by constriction of the renal arteries, though the 
two mechanisms are obviously different This idea is advanced not as the 
proven explanation of the blood pressure rise seen m the present studies, 
but as a working hypothesis for further enquiries Into the etiology and path- 
ogenesis of the hypertensn e states 

EUUIIARY 

The effects of dietary deficiencies on the blood pressure of rats were studied, 
with especial reference to vitamin B deficiencies. A deficiency of the entire 
vitamin B complex was followed by a slight fall in blood pressure. A defi 
ciency of only the heat-stable fractions was followed by a significant and 
persistent rise in pressure, which could be reversed by restoring these factors 
to the diet Partial deficiencies were followed by a higher rise of blood pres 
sure than were complete deficiencies, perhaps because of the debilitating effects 
of the latter 

Even an excessive intake of the heat-stable fractions of the vitamin B 
complex did not prevent entirely a rise of pressure if the diet was otherwise 
deficient. Under the latter conditions, the nse m pressure was slower and 
less marked than m those animals with a deficiency of the vitamin Bi complex 
only It therefore appears that, while a deficiency of the vitamin B s complex 
playB a dominant r61e m causing a nse of blood pressure m rats, other dietary 
factors as yet undefined are also involved From analogy with other defi 
ciency states, it is possible that these undefined nutritional factors cause their 
effects by interfering with absorption and utilization of the vitamin Bj com 
plex. 
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The experiments listed below suggest very strongly that when the iron re 
serves are depleted the human being will absorb iron m relative ab undan ce — in 
fact 10 to 20 times normal Although the iron Btores of the body are mainly 
m liver, spleen, and bone marrow, these stores influence iron absorption m 
some obscure fashion The iron content of the mucosa of the gaslro-tntesttnal 
tract is very low (2) and there appears to be little if any iron storage here, but 
the cells of the mucosa do have the power to accept or refuse iron — a reaction 
totally different from that relating to most metals or salts Low hemoglobin 
levels in the blood (anemia) are not enough to call out active iron absorption 
if the reserve stores are abundant (6) At the moment an adequate explana- 
tion of the observed facts is not at hand but continued study of the mucosa 
of the gastro-intestinal tract is obviously indicated 
For some good reason the body guards itself against too liberal an mtake of 
iron, perhaps because it finds the elimination of iron difficult There is some 
evidence that a considerable excess of iron will harm those cells m which the 
iron is stored— for example the liver and pancreas cells in hemochromatosis 
The older clinical belief that iron was absorbed and the surplus removed by 
excretion through the mucosa of the large intestine must be put aside even 
though this belief has the prestige and academic tenure of many decades of 
acceptance by physician and physiologist. Some of this misconception was 
due to iron balance studies in which too much reliance should not be placed 
Difficulties in iron analyses are considerable, particularly of feces, where phos 
phonis-iron compounds introduce serious errors and make the figures for iron 
recovery too low, thus giving an erroneous impression of positive iron balance 
Welch, Wakefield and Adams (15) by means of an ileostomy m a single 
patient showed that the excretion of iron into the colon was negligible in 

*We are indebted to Eli Lilly and Company for aid in conducting this work. 

J We arc indebted to the Radiation Laboratory of the University of California and 
In particular to Dr E O Lawrence and Dr M D Kamen, for the radioactive iron 
used in these experiments 
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ABSORPTION OF RADIO IRON IN HUMAN BEINGS 


amount McCance and Widdowson (10, 11) by parenterally introduced iron 
showed that the human body could eliminate iron only m small amounts 
Their general conclusions were m harmony with our behef that absorption 
controls iron balance and reserve stores in some way control absorption 
Radio iron is perfectly adapted to the study of the elusive iron element as 
it shuttles about within the body Probably by no other means can we get 
a comprehensive understanding of the true internal iron metabolism By use 
of radio iron in dogs we were able to bnng convincing evidence (5) that the 
plethoric dog (with ample reserve stores) would absorb little or no radio 
iron, that the normal dog (hematocrit 50 per cent red cells) would absorb 
little radio iron, but the depleted anemic dog would absorb much (5 to 50 
per cent) of the mgested radio iron which would promptly appear m new red 
cells in the circulation Furthermore dogs, anemic or normal, can eliminate 
very httle iron and that largely by way of the liver and bile (4) 

Dogs are ideal experimental animals for the study of iron metabolism and 
we know a good deal about their capacity to form new hemoglobm under the 
stimulus of anemia We beheve their gastro-mtestmal tract behaves toward 
iron much as does the human being The experiments below support this 
claim It is possible to do preliminary experiments in the dog with much 
better control than is possible with the human being but eventually we must 
always make similar, if incomplete, observations with human bemgs to exclude 
possible differences between the physiology of the dog and man Further- 
more, we can study diseased states m the human patient which have not been 
reproduced in the dog — for example, pernicious anemia and hemochromatosis 
As has been pointed out before (4), when iron is made radioactive by bombard- 
ment m the cyclotron, only an infinitesimal portion of the iron atoms is changed 
from the normal Fe 68 isotope to the unstable and therefore radioactive isotope 
Fe H Every atom of iron that emits a beta ray detected by the Geiger counter 
has been during its whole previous history since bombardment in the cyclotron, 
an atom of iron differing from ordinary iron only by its small increase in atomic 
weight Since there is abundant evidence to indicate that the animal organism 
cannot differentiate significantly between atoms with these small variations in 
mass, we can have every confidence that the path of these radioactive atoms 
that we can follow with the Geiger counter represents m every detail the path- 
way of the total amount of administered iron tagged by the radioactive iron 
isotope Subsequently m this paper we refer to iron tagged in this manner 
as radio iron 


Experimental Methods ( 

The radioactive isotope of iron (47 day half-life) used in these experiments was 
prepared m the cyclotron of the Radiation Laboratory of the University of California, 
using the methods described by Wilson and Rum en (16) Before feeding, it was 
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ttsuall) farther purified and freed from the last radioactive contamination by re- 
peated ethyl ether extraction of the chloride adding neutral manganese and cobalt 
salts In excess as earners It was then made up as ferric ammonium citrate, in which 
form it was fed 

Radioactive measurements before January, 1941, were made, using the dipping 
counter technique described in an earlier paper (1, 5) Data obtained since that 
time were obtained by use of much more sensitive detection equipment The other 
experimental techniques involved in blood studies, isolation of radio iron electro- 
plating, etc., have been described in earlier papers (3) 

Direct determination of red cell circulating mass was not practicable m these cases 
Therefore, the estimate of red cell mass was made as follows By plasma dye dilution 
methods there is considered to be about 80 ml. of blood per kilo of body weight 
However, it has been pointed out that the red cell volume as calculated from the 
plasma volume and venous hematocrit is about 25 per cent too high in dogs (7, 9) 
and this has been reported to be true also in human beings (14) Therefore the red 
cell mass was estimated as follows 

Body weight in kilo* X 80 X venous hematocrit per cent X 0 75 — cell mass 

We have expressly included In our tables values for per cent of the isotope fed per 
100 mb of red cells so w the event that other estimations of cell mass may prove more 
accurate, the total radio Iron m circulation may be calculated on the latter basis. 
The circulating isotope In the tables is calculated by multiplying the concentration 
of isotope in red cells by the estimated mass of red cells 

The patients marked ***” in the following protocols received labelled iron at a 
time when our measuring equipment was 30 tunes less sensitive than that now used 
Although the dosage activity was quite high in most of them, the amount of isotope 
appearing in the red cells was very near the limits of error of the methods as used at 
that tune. Therefore it is not possible to estimate accurately the amount of radio 
iron in the circulation In each Instance the figure given represents an upper limit 
which rs reached by assuming a conservative count which could have been detected 
and calculating the amount which would have been present if this count had actually 
been found 

Clinical Histones 1 

Case 1 B G (Hospital No 182641 ) Male, age 57 Peptic ulcer vnlh hemor 
rkage The patient had ulcer symptoms for about 1 year They increased in seventy 
during the week before admission, and during the last 4 days of this week the patient 
noted black stools. There were Increasing weakness and dizziness and vomiting of 
"coffee-ground ’ material. Admission blood studies RBC 1,500,000 hemoglobin 
4 gm. per cent He was given small frequent transfusions and on the 4th hospital 
day 17 mg of radio iron as feme ammonium citrate was given. His hemoglobin on 

1 We are indebted to Dr W L Bradford, Dr C B F Gibbs, Dr N L Kaltreider, 
Dr J S Lawrence and Dr D J Stephens of the staff of the University of Rochester 
Medical School for their interest and cooperation in carrying crat this work. 
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amount McCance and Widdowson (10, 11) by parenterally introduced iron 
showed that the human body could eliminate iron only m small amounts 
Their general conclusions were m harmony with our behef that absorption 
controls iron balance and reserve stores m some way control absorption 
Radio iron is perfectly adapted to the study of the elusive iron element as 
it shuttles about within the body Probably by no other means can we get 
a comprehensive understanding of the true internal iron metabolism By use 
of radio iron in dogs we were able to bring convincing evidence (S) that the 
plethoric dog (with ample reserve stores) would absorb little or no radio 
iron, that the normal dog (hematocrit SO per cent red cells) would absorb 
httle radio iron, but the depleted anemic dog would absorb much (5 to 50 
per cent) of the ingested radio iron which would promptly appear m new red 
cells m the circulation Furthermore dogs, anemic or normal, can eliminate 
very httle iron and that largely by way of the liver and bile (4) 

Dogs are ideal experimental animals for the study of iron metabolism and 
we know a good deal about their capacity to form new hemoglobm under the 
stimulus of anemia We beheve their gastro-mtestmal tract behaves toward 
iron much as does the human bemg The experiments below support this 
claim It is possible to do preliminary experiments in the dog with much 
better control than is possible with the human being but eventually we must 
always make similar, if incomplete, observations with human bemgs to exclude 
possible differences between the physiology of the dog and man Further- 
more, we can study diseased states m the human patient which have not been 
reproduced m the dog— for example, pernicious anemia and hemochromatosis 
As has been pomted out before (4), when iron is made radioactive by bombard- 
ment m the cyclotron, only an infinitesimal portion of the iron atoms is changed 
from the normal Fe 58 isotope to the unstable and therefore radioactive isotope 
Fe 69 Every atom of iron that emits a beta ray detected by the Geiger counter 
has been during its whole previous history since bombardment in the cyclotron, 
an atom of iron differing from ordinary iron only by its small increase m atomic 
weight Smce there is abundant evidence to indicate that the ammal organism 
cannot differentiate significantly between atoms with these small variations m 
mass, we can have every confidence that the path of these radioactive atoms 
that we can follow with the Geiger counter represents m every detail the path- 
way of the total amount of administered iron tagged by the radioactive iron 
isotope Subsequently m this paper we refer to iron tagged m this manner 
as radio iron 


Experimental Methods t 

The radioactive isotope of iron (47 day half-life) used in these experiments was 
prepared in the cyclotron of the Radiation Laboratory of the University of California, 
using the methods described by Wilson and Kamen (16) Before feeding, it was 
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usually further purified and freed from the last radioactive contamination by re- 
peated ethyl ether extraction of the chloride adding neutral manganese and cobalt 
salts In excess as carriers It was then made up as feme ammonium citrate, in which 
form it was fed 

Radioactive measurements before January, 1941, were made, imtng the dipping 
counter technique described in an earlier paper (1, 5) Data obtained since that 
time were obtained by use of much more sensitrve detection equipment- The other 
experimental techniques involved in blood studies isolation of radio iron, electro 
plating, etc., have been described in earlier papers (3) 

Direct determination of red cell circulating mass was not practicable m these cases 
Therefore, the estimate of red cell mass was made as follows By plasma dye dilution 
methods there is considered to be about 80 mL of blood per kilo of body weight 
However, it has been pointed out that the red cell volume as calculated from the 
plasma volume and venous hematocrit is about 25 per cent too high in dogs (7 9) 
and this has been reported to be true also in human beings (14) Therefore, the red 
cefl mass was estimated as follows 

Body weight in kilos X 80 X venous hematocrit per cent X 0 75 — cell mass 

We have expressly included in our tables values for per cent of the isotope fed per 
100 mi of red cells so in the event that other estimations of cell mass may prove more 
accurate, the total radio Iron in circulation may be calculated on the latter basis 
The circulating isotope In the tables is calculated by multiplying the concentration 
of isotope in red cells by the estimated mass of red cells. 

The patients marked "* in the following protocols received labelled iron at a 
time when our measuring equipment was 30 times less sensitive than that now used. 
Although the dosage activity was quite high m most of them the amount of isotope 
appearing in the red cells was very near the limits of error of the methods as used at 
that tune. Therefore, it is not possible to estimate accurately the amount of radio 
iron in the circulation. In each instance the figure given represents an upper limit 
which is reached by assuming a conservative count which could have been detected 
and calculating the amount which would have been present if this count had actually 
been found. 


Clinical Histones 1 

Case 1 B G (Hospital No 182641 ) M ale, age 57 Peptic ulcer with honor 
rhage The patient had ulcer symptoms for about 1 year They increased in seventy 
during the week before admission, and during the last 4 days of this week the patient 
noted black stools There were increasing weakness and dimness and vomiting of 
"coffee-ground ’ material. Admission blood studies RBC 1,500 000, hemoglobin 
4 gm. per cent. He was given small frequent transfusions and on the 4th hospital 
da> 17 mg of radio iron as feme ammonium citrate was given. His hemoglobin on 

1 We are indebted to Dr W L Bradford Dr C. B F Gibbs Dr N L Kaltreider, 
Dr J S Lawrence and Dr D J Stephens of the staff of the University of Rochester 
Medical School for their interest and cooperation in carrying out this work. 
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this day was 6 1 gm per cent Stool on the day of feeding showed 1 + guaiac, but 
subsequent examinations were negative for blood He had been bleeding at least 
10 days before the radio iron was given and probably longer Neutral iron was 
begun 4 days after the radio iron was given Blood samples were obtained at 5, 8, 
11, 17, and 24 days following the feeding and activity measurements were made on 
the separated red cells The 11 day cells showed 1 48 per cent of the fed iron per 100 
ml of red cells An estimate of the patient’s circulating red cell mass was 1005 ml 
Thus, it was calculated that 15 per cent of the administered dose was present m the 
circulation at this time This patient was sampled a number of times over the 
course of 45 days 

radio iron 

% AMT FED 

PER 100 ML 



Chart A Bleeding gastric ulcer Case 1, Table 1, B G 

In Chart A are plotted the concentrations of radio non per 100 ml of the 
red cells of case 1, Table 1, the concentrations per 100 ml of whole blood and 
the red blood cell hematocrit readings for the corresponding values One 
notes that over the whole experimental period the concentration of radio non 
per 100 ml whole blood remains constant During this time the hematocrit 
had risen from about 19 per cent to 37 per cent At the same time there had 
been a progressive decrease in the red cell isotope concentration If one 
assumes that the total circulating blood volume of this patient remained con- 
stant over this period, an assumption probably vahd in the hght of other 
recently published data (3), this result would indicate that at least all of the 
absorbed radio iron which was going to be utilized to form hemoglobm had 
been so used as early as the 5th day after feeding Since there was a need for 
new hemoglobm and in view of the fact that hematopoiesis was progressing 
rapidly at this time, it would be a fan inference that the figure of 15 per cent 
utilization also represented the major portion of the radio non absorbed from 
the gastro-intestmal tract 
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Case 2 V P (Hospital No 80540 ) Male, age 27 Duodenal ulcer vnih 
hemorrhage A t h ird admission to this hospital with severe hemorrhage from the 
duodenal ulcer Other admissions were 8 and 3 years previously Following each 
he remained on Iron and diet therapy for short periods. Short follow-ups revealed a 
hemoglobin remaining around 12 gm. pea: cent The third hemorrhage began after 
long continued dietary indiscretions. Symptoms of bleeding apparently began 6 
days before admission. The red cell count on admission was 1 600,000, and the 
hemoglobin 6 gm. per cent. He was treated with bed rest and progressive Sippy diet, 
and the hemorrhage stopped after one hospital day Two small transfusions were 
given On the 14th hospital daj , when ha red count was 3,800 000 and his hemo- 
globin 10J2 gm. per cent, he was given a single feeding of 20 mg of radio iron as ferric 
ammonium citrate. 7 days later the red cells contained 1.85 per cent of the ad 
ministered dose per 100 ml. This corresponded to an estimated 20.2 per cent of the 
fed dose in circulation 46 days after feeding, the hematocrit had men to 47 per cent 
and the red cell isotope amounted to 1 42 per cent of the amount fed. The amo unt 
estimated in circulation was essentially the same (20 6 per cent) due to the increased 
mass of red cells (3) 

Case 3 A. D * (Hospital No 127050 ) Female, age 22 para 2, gravid* 4. 
Incomplete abortion Last menstrual period 2 months previously Slight bleeding 
began 2 weeks before and profuse bleeding with passage of clots 4 days before admission 
Admission blood studies red blood cells 2,280,000, hemoglobin 5 gm. per cent. On 
the 2nd hospital day she was given 200 cc. of whole blood Because of repeated 
chills and fever the abortion was not completed until the 1 7th hospital day 10 
day* before curettage and 3 weeks after the bleeding began she was given by mouth 
423 mg of radio iron as feme ammonium citrate. At this time the red count was 
3,000,000 and hemoglobin 6 8 gm per cent 4 days later a blood sample revealed 
that the red cell radio iron was 0.2 per cent of the dose fed per 100 ml. of red cells, or 
an estimated 1.3 per cent of the dose in circulation. 

Cases 1, 2, and 3 (Table X) may be considered together and show an iron 
absorption many times normal. With severe anemia due to bleeding from a 
duodenal nicer (case 2) there had been previous episodes of bleeding and prob- 
ably much of the iron resent had been exhausted For this amount of ingested 
iron (18 to 20 mg Fe) we may say that an expected normal absorption would 
be 0 5 to 1 5 per cent (case 14) The absorption in these two cases is 15 and 
21 per cent respectively — more than 10 times the expected absorption of a 
normal individual. The intestinal mucosa accepts this iron readily and the 
hemopoietic mechanism builds it very rapidly into hemoglobin within new 
red cells 

Case 3, an incomplete abortion with bleeding and anemia 2 to 3 weeks before 
iron feeding, shows considerable iron absorption. The dose of radio iron was 
large (423 mg Fe) because the radio activity was low In standard dogs with 
this dose we expect 5 to 7 per cent absorption and utilisation and we could 
hardly expect more than this m a human In other words, this human absorp- 
tion (1.3 per cent) is 20 to 25 per cent of maximal, or twice or three times an 
expected nor mal. It is probable that this bleeding had not decreased the 
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reserve stores of iron as completely as in cases 1 and 2 Moreover, the interval 
between feeding and sampling was only 4 days, which may not have allowed 
sufficient time for the total radio iron utilization and appearance as new 
hemoglobin (7) 

Case 4 J H (Hospital No 163765 ) Male, age 11 months Impetigo con- 
tagiosa This boy had had a senes of infections of the skin which, because of poor 
environmental conditions, were difficult to control Impetigo on this admission had 
been present about 2 months Blood studies showed a red count of 4,700,000 and a 
hemoglobin of 11 gm per cent There was no fever and little systemic reaction It 
was thought that there might be a nutntional basis for the anemia, although not 
necessanly due to iron deficiency 3 days after feeding 8 mg of radio iron as feme 
ammonium citrate, 0 75 per cent of the administered iron was present per 100 ml. of 
red cells 5 and 7 days after feeding, the amounts present were 1 21 per cent and 
0 98 per cent per 100 ml in the cells The amount present m the circulation as 
determined by concentration in 7 day cells was 2 2 per cent of the amount fed 

Case 5 HR* (Hospital No 172905 ) Male, age 21 Chronic pyelonephritis 
with severe secondary anemia This patient had been sick for several months On 
admission the red count was 1,600,000 and the hemoglobin 8 5 gm per cent The 
unne contained albumm and white cells with no red cells The N P N was 180 mg 
per cent Iron and a long trial of intramuscular liver had had little effect on the 
anemia A smgle dose of 42 mg of radio iron was given as feme ammonium citrate 
7 days later there was no detectable activity in the red cells Because of the counter 
used and the low activity of the sample given, it is possible that the maximum ab- 
sorption in this case was 3 7 per cent However, it is highly probable that the ab- 
sorption was less than 1 per cent 

Case 6 L S * (Hospital No 167067 ) Female, age 44 Hypochromic anemia 
with gastnc anacidity The history dates back about 10 years During this period 
she had been treated elsewhere for anemia by various oral liver products with little 
effect Symptoms recently increased She noted difficulty in swallowing and a 
tendency toward spoon-shaped nails Admission blood studies red count 4,200,000, 
hemoglobin 7 5 gm per cent No free gastnc HC1 after histamine She was given 
a smgle dose of 204 mg of radio iron and 6 days later activity measurements of the 
red cells showed a very small count which would represent a maximum of about 2 0 
per cent of the amount fed in circulation On a regime of ferrous sulfate and HC1, 
her symptoms gradually decreased over a penod of 2 months Dunng this time her 
hemoglobin rose to 13 7 gm per cent with a slight increase m the count 

Cases 4, 5, and 6 (Table 1) are considered together — anemias in which there 
should be some absorption but a relatively insignificant response is recorded 
Case 4, impetigo , and case 5, pyelonephritis, show a utilization perhaps not in 
excess of normal It should be noted that the degree of anemia in case 4, 
impetigo, is only shght or close to a low normal hemoglobin It has been shown 
m standard anemic dogs that an infection will not prevent absorption but will 
delay the utilization of the hemoglobin building material (13) So it is pos- 
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sible that some Iron -was absorbed but not utilized in the 7 day period between 
feeding and sampling for the radio iron 

Case 6 is an interesting type of hypochromic anemia which had been under 
treatment at various times Lack of gastric HC1 may have been a factor 
She did absorb somewhat more than normal (2 per cent) of a 204 mg dose of 
radio iron The maximum anemic absorption would be 5 to 10 per cent and 
the normal absorption less than 1 per cent Therapy of ferrous sulfate and 
HC1 did bring her blood back to normal within 2 months 
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Case 7 A. H (Hospital No 184793 ) Male, age 64 Untreated pernicious 
anemia Symptoms had been gradually m creasing over a period of 4 months. Re- 
cently evidence of spinal cord damage had appeared. On admission, the patient was 
almost moribund Blood studies red blood cells 1,300 000 hemoglobin 5 9 gm. per 
cent, white blood refls 2 450 Bone marrow smear was typical ol Addisonian type of 
macrocytic anemia Two doses of Intramuscular liver had been given when he 
received 20 mg of radio iron as feme ammonium citrate. At the tune of feeding the 
red cell hematocrit was 23 4 per cent A considerable hematopoietic effect was m 
duced by continued intramuscular liver and 18 days later the hematocrit was 38 per 
cent 10 days after feeding the isotope the red cell radio Iron was 0 115 per cent of 
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the administered dose per 100 ml of red cells corresponding to an estimated 1 3 per 
cent of the dose in circulation No therapeutic iron was given during the course of 
these observations He was discharged on the 26th hospital day with normal blood 
studies and evidence of considerable improvement m the cord changes 

Case 7 (Table 1) is of particular interest A typical case of pernicious 
anemia rapidly producing new hemoglobin due to the livet therapy would 
presumably absorb iron rapidly The iron absorption (1 3 per cent) is not 
more than that of a normal control (1 8 per cent) given the same dose of radio 
iron Obviously the iron needed for new red cell and hemoglobin production 
(case 7) comes from iron reserve stores which are well known to be much above 
normal m untreated pernicious anemia We beheve that the presence of these 
reserve stores of iron in some fashion inhibits iron absorption which takes 
place so readily in simple anemia due to blood loss when the reserve stores are 
depleted 

Case 8 S M * (Hospital No 168514 ) Female, age 7 months Leukemia, 
probably monocytic (autopsy) This Italian baby had several admissions because of 
severe anemia Splenomegaly and hepatomegaly were marked The diagnosis of 
Mediterranean anemia (Cooley’s type) was considered The leucocyte count was 
low-normal with a high percentage of lymphocytes During one admission she was 
given 125 mg of radio iron in the form of feme ammonium citrate Red cells taken 
2 hours after feeding showed no radio iron Cells taken 6 days after administration 
showed 0 47 per cent of the amount fed per 100 ml of red cells, or about 0 6 per cent 
of the amount fed in circulation No more blood samples were obtained Her red 
count at the time of feeding was 3,140,000 and hemoglobin 8 2 gm per cent She was 
admitted agam 4 months later m poor condition with a very severe anemia and bron- 
chopneumonia At autopsy specimens of the'hver, spleen, and heart were obtained 
The 15 gm liver sample contained an amount of radio activity which would represent 
about 0 83 per cent of the administered dose in the whole 530 gm liver A 26 gm 
aliquot of the 1100 gm spleen indicated a radio iron content in this organ of 0 56 per 
cent of the administered dose The heart, by similar analysis, contained about 
0 09 per cent Thus, 4 months after feeding radio iron 1 5 per cent of the dose given 
was present m these unperfused organs 

Case 8 (Table 1) supplies us with data on autopsy material in leukemia The 
patient was given radio iron and 6 days later showed 0 6 per cent in the circu- 
lation, but at autopsy 4 months later the liver and spleen contained 1 5 per 
cent of the dose fed 4 months previously Obviously 1 per cent of the dose of 
radio iron (or more) was absorbed but not incorporated m new red cells within 
6 days m spite of the anemia The severe anemia of leukemia is probably 
due to choking of the red marrow with abnormal white cells thus impairing 
red cell production — a blockade of the hematopoietic process This case with 
severe anemia did absorb about four times normal (or more) but did not utilize 
the radio non to make hemoglobm, perhaps due to an abnormal marrow 
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Case 9 J V * (Hospital No 170116 ) Male, age 2 years Familial hemolyitc 
icterus Tins patient was admitted with symptoms of a severe anemia without 
jaundice. Blood studies revealed small cells with m creased fragility and tendency 
toward spherocytosis. Similar changes were found m maternal blood 93 mg of 
labelled iron was fed as feme ammonium citrate m milk His red count at this time 
was 2,000 000 and hemoglobin 4 6 gm. per cent 7 days later the activity m the red 
cells was extremely low, but the amount of isotope in circulation could be placed at 
a maximum of 0.3 per cent of the amount fed Following transfusions and general 
supportive measures, splenectomy was performed with complete relief of symptoms. 

Case 10 A Z* (Hospital No 121099) Female, age 4 years Erythroblastic 
anemia This Italian girl had had the diagnosis made at 14 months of age. A brother 
had died oi the same disease During 19 hospital admissions there was a history of 
repeated mtercurrent Infections and she had been transfused man y times. Red cell 
count was 0 830,000 and hemoglobin 2 gm. per cent at the time a single dose of radio 
iron of IS mg was given as ferric dtrate 4 days later the red cell activity was very 
near the background count, but it was estimated that less than 1 7 per cent of the 
material fed was in circulation. 

Case 11 C Y* (Hospital No 128287) Female, age 3 J years Erythroblastic 
anemia At the time of feeding the red count was 2,800,000 and the hemoglobin 7.9 
gm. per cent 532 nucleated red cells per 100 white cells were counted. She was 
given 64 mg of radio iron m a single dose as feme citrate. 5 days later the red cell 
activity was extremely low, and the mniimum amount of the isotope estimated to be 
in circulation was about 0 45 per cent of the dose fed. 

Cases 9, 10, 11, and 12 (Table 1) Familial uterus, Mediterranean anemia 
(Cooley), and hemochromatosis have several important abnormalities in com 
mon and some str ikin g differences. All three conditions show maximal figures 
for iron storage, 10 to 20 or more times normal m the liver for example Iron 
absorption m all three conditions is minimal m spite of severe anemia in the 
children with Mediterranean anemia and familial icterus. There was no 
anemia in hemochromatosis but bleeding was instituted to deplete the reserve 
iron stores if possible Anemia due to blood loss was produced but there was 
still no significant iron absorption Again it appears that the presence of 
abundant iron stores in the body in some way inhibits iron absorption Obvi 
ously at some time, probably early m these chronic disease conditions, iron 
was absorbed in abundance 

Case 12 E V (Hospital No 138938 ) Male, age 49 Hemochromatosis 
History dates back about 5 years with first symptom being increasing pigmentation 
of the This was followed by the onset of diabetes melhtus and finally by 

distention of the abdomen due to fluid On the first admission, the diagnosis was 
confirmed by skin biopsy which showed hemosiderin granules and iron -staining pig 
ment about the sweat glands Infra red photography revealed extensive collateral 
circulation in the abdominal waff. There were pronounced muscular weakness and 
evidence of myocardial damage. Loss of hair, Impotence, decrease m testicular sire 
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and a low basal metabolic rate ( —43 per cent) indicated involvement of other endo- 
crine glands The diabetes was well controlled by diet and 60 units of protamine 
insulin per day On a subsequent admission a single dose of 60 mg of radio iron was 
given by mouth as feme ammonium citrate Samples were taken at intervals for 3 
hours after feeding to determine whether any absorption had occurred as indicated 
by presence of the isotope in the plasma Further sampling was done 1, 2, 5, and 6 
days following administration, and the amount of radio iron expressed as per cent 
of the dose fed found in the red cells was 0 012 at the highest reading 

The blood picture in hemochromatosis is usually near normal, as it was in 
this case, and it might be argued that such a patient might absorb iron and 
not utilize it for hemoglobin formation, since there was no demand for increased 
hematopoiesis Therefore, the patient was subjected to a phlebotomy amount- 
ing to 500 ml to provide a stimulus for red cell formation 2 days after 
bleeding the isotope concentration in the red cells was 0 017 per cent of the 
amount fed 10 weeks later there was 0 04 per cent of the amount fed per 
100 ml of red cells It was thought proper to determine whether intermittent 
heavy bleeding might be effective in marshalling deposited iron from the tissues 
for hemoglobin formation If the hemosiderm were reversibly deposited, it 
might be expected that eventually the excess iron could be removed and pos- 
sibly the fibrotic changes in the hver and endocrine glands arrested If radio 
iron had been absorbed and deposited along with the other iron in the tissues, 
it might be possible to follow the removal of this iron However, after each 
of several bleedings the red cell count m the patient dropped progressively, 
and even though the hematocrit and hemoglobin content of the blood remamed 
near normal, it was felt advisable to suspend attempts at therapy at this time 
Following the second bleeding, the patient was given 14 mg of radioactive iron, 
and even though his red count was about 3,800,000 subsequent sampling 
showed he had absorbed only 0 8 per cent of this small dose Subsequent 
bleedings and samplings showed no rise m the red cell isotope concentration 

Case 13 S V * (Hospital No 167389 ) Male, age 42 Chrome bronchitis 
and bronchiolitis with secondary polycythemia This patient had numerous phleboto- 
mies with symptomatic relief, the last one several months before the iron was given 
The red count was 6,500,000 and the hemoglobin 15 gm per cent at the time he was i 
fed a smgle dose of 204 mg of radioactive iron and 6 days later the red cell activity 
was practically 0 The maximum estimated amount of the iron in circulation was 
0 5 per cent of that fed Two phlebotomies were performed following the feeding of 
the iron, and the red cell activity did not change 

Case 14 A K. (Hospital No 157144) Male, age 25 Normal This medical 
student was fed radio iron as a normal control. Labelled iron was given in very low 
doses of 4 mg per day for 5 days since this was felt to favor maximum absorption 
7 days after the last feeding there was 0 08 per cent of the administered radio iron 
per 100 ml of red cells This corresponded to an estimated 1 8 per cent of the dose 
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m circulation Since the blood picture was normal and there was presumably no 
stimulus for hematopoiesis over and above the replacement demands, 500 ml of 
blood was removed m order to provide the stimulus 7 days later the red cells 
showed 0 09 per cent of the administered dose per 100 ml corresponding to 
an estimated 1 8 per cent of the dose in circulation 

Case 13 (Table 1) Polycythemia It might be suspected that the over 
production of red cells in this disease might be due to an abnormally high 
iron absorption Here is definite evidence agam that surplus resenes (even 
if in the circulation) inhibit iron absorption This case shows only traces of 
radio iron m the circulating red cells, 6 days after feed mg 

Case 14 (Table 1) A normal control was given very sma ll amounts (4 mg 
Fe) of active samples of radio iron over 5 consecutive days to get a mammal 
absorption In anemia due to blood loss with repeated similar small feedings 
one might expect 50 to 60 per cent utilization of iron The maximum after 7 
days in the normal case was 1.8 per cent Subsequent blecdmg to bring out 
of storage any unused absorbed radio iron showed a maximum figure of 1 8 
per cent radio iron in the circulating red cells Compared with cases 1 and 2 
(Table 1) this represents not less than a 10 to 1 differential m favor of the human 
case of ulcer and anemia due to blood loss Actually the differential was 
greater because the ulcer patients received larger single doses of iron which are 
not utilized so effectively as ore the small doses 

Clinical Histones— Pregnancy 

Case 21 M C (Hospital No 143507 ) Age 37 para 2 gravida 5 Pregnanq, 
with hypertension and paroxysmal auricular tach>cardia Gestation 2 months, 
therapeutic abortion. Patient complained of vertigo scotomata headache and 
paroxysmal dyspnea Heart was enlarged, with presystohe and systolic murmurs 
Blood pressure vras 220/115 At the time of iron feeding red cells were 4,200 000 
hemoglobin 14 7 gm per cent hematocrit 43 J She was grven 16 mg of radio iron 
and delivered by hysterotomy 1 week later Subsequent sampling showed an es- 
timated 2 7 per cent of the amount fed m circulation 

Case 22 P F (Hospital No 165477 ) Age 27 para 2 Pregnancy with 
rheumatic heart disease Class IT A Gestation 3 months, therapeutic abortion. 
Pregnancy was subjectively uneventful except for dyspnea on exertion Examination 
disclosed mitral and aortic stenosis and insufficiency Blood pressure 140/42 Urine 
showed occasional red and white cells At the time of iron feeding blood studies 
showed red count of 4 110 000 hemoglobin 14 1 gm per cent, hematocrit 37.5 per 
cent She was given 53 mg of radio Iron and pregnancy was interrupted 7 days later 
Subsequent sampling revealed an estimated 4 9 per cent of the amount fed in dreu 
lation 

Case 23 J F (Hospital No 101086 ) Age 24 para 3 gravida 4 Pregnancy, 
abnormal multiple, with chronic nephritis and bilateral hydronephrosis Gestation 4 
mon ths therapeutic abortion. In her two previous pregnancies the patent developed 
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nephritic toxemia with chronic nephritis The first pregnancy was complicated by 
pre-eclampsia During the present pregnancy, she developed headaches, nausea, 
vomiting, ankle edema, and albuminuria Blood pressure was 125/90 Retrograde 
x-ray studies showed bilateral hydronephrosis At the time of feeding, the red 
count was 4,430,000 , hemoglobin 14 gm per cent , hematocrit 43 7 per cent She was 
given 122 mg of radio iron and the pregnancy was interrupted 2 days later Sampling 
revealed 4 2 per cent of the amount fed appearing m the circulation 

Case 24 EL (Hospital No 171540) Age 25 years, para 2, gravida 3 Preg- 
nancy with nephritic toxemia, without convulsions Gestation 4} months, thera- 
peutic abortion 3 years previously she had had a pregnancy complicated by albu- 
minuria During this pregnancy she had headaches, ankle edema, blood pressure 
185/120, and albuminuria amounting to 0 5 gm per liter At the time of feedmg, 
blood studies showed 4,000,000 red cells, hemoglobin 14 1 gm per cent, and hematocrit 
42 per cent She was given 62 mg of radio iron 2 days following, hysterotomy was 
performed Sampling revealed 3 2 per cent of the amount fed in circulation 

Case 25 V G (Hospital No 164558 ) Age 41 years, para 7 Pregnancy with 
nephritic toxemia, hypertensive cardio-vascular disease, mild diabetes mellitus 
Gestation 5 months , therapeutic abortion The patient was relatively asymptomatic 
There were no signs of decompensation Blood pressure was 188/102 The urine 
showed 2+ albumin The glomerular filtration was one-third normal She was 
given 16 mg of radio iron and 2 days later delivered by hysterotomy 3 2 percent 
of the dose fed was the amount estimated to be present in the total circulation 
Case 26 J T (Hospital No 84390 ) Age 42 years, para 10, gravida 11 
Pregnancy, abnormal with toxemia, pre-eclamptic. Gestation 7 months, therapeutic 
abortion She complained of ankle edema, headaches, nausea, and vomiting The 
patient was markedly obese Blood pressure was '230/130 Glomerular filtration 
31 per cent Albuminuria was marked She was given 122 mg of radio iron and 
vomited 1} hours later At the time of feedmg, blood studies showed red blood count 
3,600,000, hemoglobin 12 8 gm per cent, hematocrit 37 2 per cent One day later, 
labor was mduced Subsequent blood samples showed 2 5 per cent of the amount 
fed in the circulation 

Case 27 E A (Hospital No 177796 ) Age 24 years, para 1 Normal preg- 
nancy, contracted pelvis Gestation 8 5 months, cesarean section Blood studies 
red blood count 3,250,000, hemoglobin 12 5 gm per cent, hematocrit 38 per cent 
3 hours before delivery she was given 1 9 mg of radio iron, 16 4 per cent of the amount 
fed was estimated to be m the circulation 

Case 28 L K (Hospital No 169989) Age 21 years, pnmipara, full term, nor- 
mal pregnancy At the time of feedmg, red blood count was 3,070,000, hemoglobin 
9 8 gm per cent, hematocrit 24 8 per cent 63 mg of radio iron was given and 
spontaneous delivery occurred 10 days later The blood samples revealed 3 9 per 
cent of the amount fed m the circulation 

Case 29 E S (Hospital No 173986 ) Age 30 years, pnmipara, full term 
Normal pregnancy Blood studies red blood count 4,100,000, hemoglobin 13 1 
gm per cent, hematocnt 317 per cent 33 hours folldwing feeding of 0 9 mg of radio 
iron, the patient was delivered spontaneously 3 3 per cent of this dose was the 
estimated amount found m the circulation 
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Case 30 EM (Hospital No 14S022 ) Age 32 >ears, para 2, term Normal 
pregnancy Blood studies red blood count 4 000,000, hemoglobin 11 5 gm per cent 
hematocrit 37 5 per cent- She was given 5 mg of radio iron, with delivery occurring 
spontaneously 15 minutes later The maternal blood on subsequent sampling showed 
2 9 per cent of the dose in circulation 

Case31 E W (Hospital No 145651) Age23yeara para 2, full term- Funnel 
pelvis, cesarean section Blood studies red blood count 4,100 000 hemoglobin 
10 6 gm per cent, hematocrit 34.2 per cent She was given 93 mg of radio iron 
and 20 hours later was delivered by cesarean section 2 2 per cent of the amount 
fed was estimated to be in the circulating red cells 
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Case 32 J B (Hospital No 178277 ) Age 35 years, prim para, full term. 
Normal pregnancy Blood studies red blood count 4 150 000, hemoglobin 12 4 
gm per cent, hematoent 40 3 per cent She was given 20 mg of radio Iron and was 
delivered spontaneously 40 minutes later Of this dose 22 4 per cent was estimated 
to be in the circulation 

Case 33 A. M (Hospital No 166168 ) Age 23 years para 2 full term. Nor 
m«1 pregnancy Breech delivery Blood studies red blood count 4,670,000, hemo- 
globin 13 J> per cent hematoent 43 4 per cent. 20 mg of radio iron was given 
20 minutes later she was delivered spontaneously^ 1 6 per cent of the dose fed was 
estimated to be in the circulation. 

Case 34 A C (Hospital No 180768 ) Age 27 years, prumpara full term. 
Normal pregnancy with small pelvis cesarean section 110 minutes after feeding 14 
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nephritic toxemia with chronic nephritis The first pregnancy was complicated by 
pre-eclampsia During the present pregnancy, she developed headaches, nausea, 
vomiting, ankle edema, and albuminuria Blood pressure was 125/90 Retrograde 
x-ray studies showed bilateral hydronephrosis At the time of feeding, the red 
count was 4,430,000 , hemoglobin 14 gm per cent, hematocnt 43 7 per cent She was 
given 122 mg of radio iron and the pregnancy was interrupted 2 days later Sampling 
revealed 4 2 per cent of the amount fed appearing in the circulation 

Case 24 E L (Hospital No 171540) Age 25 years, para 2, gravida 3 Preg- 
nancy with nephritic toxemia, without convulsions Gestation 4J months, thera- 
peutic abortion 3 years previously she had had a pregnancy complicated by albu- 
minuria During this pregnancy she had headaches, anile edema, blood pressure 
185/120, and albuminuria amounting to 0 5 gm per liter At the tune of feeding, 
blood studies showed 4,000,000 red cells, hemoglobin 14 1 gm per cent, andhematocnt 
42 per cent She was given 62 mg of radio iron 2 days following, hysterotomy was 
performed Sampling revealed 3 2 per cent of the amount fed in circulation 

Case 25 V G (Hospital No 164558) Age 41 years, para 7 Pregnancy with 
nephritic toxemia, hypertensive cardio-vascular disease, mild diabetes melhtus 
Gestation 5 months , therapeutic abortion The patient was relatively asymptomatic 
There were no signs of decompensation Blood pressure was 188/102 The urrne 
showed 2-1- albumin The glomerular filtration was one-third normal She was 
given 16 mg of radio iron and 2 days later delivered by hysterotomy 3 2 percent 
of the dose fed was the amount estimated to be present in the total circulation 
Case 26 J T (Hospital No 84390 ) Age 42 years, para 10, gravida 11 
Pregnancy, abnormal with toxemia, pre-eclamptic Gestation 7 months, therapeutic 
abortion She complained of ankle edema, headaches, nausea, and vomiting The 
patient was markedly obese Blood pressure was '230/130 Glomerular filtration 
31 per cent Albuminuria was marked She was given 122 mg of radio iron and 
vomited li hours later At the time of feeding, blood studies showed red blood count 
3,600,000, hemoglobin 12 8 gm per cent, hematocnt 37 2 per cent One day later, 
labor was mduced Subsequent blood samples showed 2 5 per cent of the amount 
fed in the circulation 

Case 27 E A (Hospital No 177796 ) Age 24 years, para 1 Normal preg- 
nancy, contracted pelvis Gestation 8 5 months, cesarean section Blood studies 
red blood count 3,250,000, hemoglobin 12 5 gm per cent, hematocnt 38 per cent 
3 hours before delivery she was given 1 9 mg of radio iron, 16 4 per cent of the amount 
fed was estimated to be in the circulation 

Case 28 L K (Hospital No 169989 ) Age 21 years, pnmipara, full term, nor- 
mal pregnancy At the time of feeding, red blood count was 3,070,000, hemoglobin 
9 8 gm per cent, hematocnt 24 8 per cent. 63 mg of radio iron was given and 
spontaneous delivery occurred 10 days later The blood samples revealed 3 9 per 
cent of the amount fed in the circulation 

Case 29 E S (Hospital No 173986 ) Age 30 years, pnmipara, full term 
Normal pregnancy Blood studies red blood count 4,100,000, hemoglobin 13 1 
gm per cent, hematocnt 31 7 per cent 33 hours following feeding of 0 9 mg of radio 
iron, the patient was delivered spontaneously 3 3 per cent of this dose was the 
estimated amount found in the circulation 
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Case 30 E M. (Hospital No 148022 ) Age 32 jeans, pain 2, term Normal 
pregnancy Blood studies red blood count 4,000 000, hemoglobin 11 5 gm percent, 
hematocrit 37 5 per cent She was given 5 mg of radio iron, with delivery occurring 
spontaneously 15 minutes later The maternal blood on subsequent sampling showed 
2 9 per cent of the dose In circulation 

Case 31 E W (HospitalNo 145651) Age 23 years , para 2 full term Funnel 
pelvis cesarean section. Blood studies red blood count 4,100 000, hemoglobin 
10 6 gm per cent, he m atocrit 34.2 per cent. She was given 93 mg of radio iron 
and 20 hours later was delivered by cesarean section 22 per cent of the amount 
fed was estimated to be in the circulating red cells. 
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Case 32 J B (Hospital No 178277 ) Age 35 years, pnmpara full term. 
Normal pregnancy Blood studies red blood count 4 150 000 hemoglobin 12 4 
gm per cent, he m atocrit 40.3 per cent. She was given 20 mg of radio iron and was 
delivered spontaneously 40 mmutes later Of this dose, 22 4 per cent was estimated 
to be in the circulation. 

Case 33 A. M (Hospital No 166168 ) Age 23 years, para 2, full term Nor 
mal pregnancy Breech delivery Blood studies red blood count 4 670,000, hemo- 
globin 13 5 per cent hematocrit 43 4 per cent 20 mg of radio iron was given. 
20 minu tes later she was delivered spontaneous!/ 1 6 per cent of the dose fed was 
estimated to be in the circulation. 

Case 34. A C (Hospital No 180768 ) Age 27 yean pnmipara, full term. 
Normal pregnancy with small pelvis, cesarean section 110 minutes after feeding 14 
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mg of radio iron, cesarean section was done Of this dose, 27 7 per cent was estimated 
to be in circulation 

Table 2 and the related brief clinical histones indicate that as a rule the 
pregnant woman absorbs more radio iron than normal controls Two excep- 
tions are noted with normal iron absorption (cases 29 and 33) where we assume 
that non stores were abundant m spite of the demands of the fetus Three 
cases show maximal or high absorption (cases 27, 32, and 34) but the red cell 
hematocnts do not correspond as a moderate grade of anemia is present m 
case 34 but not in cases 27 and 32 We may say that most of these pregnant 
women show from 2 to 10 times the absorption of radio iron one might expect 
m a normal individual 


DISCUSSION 

To evaluate the results summarized m Tables 1 and 2 it is necessary that 
several points be kept in mind The unavoidable vanation in dosage would 
be expected to result m different percentage utilization even in the same indi- 
vidual under the same conditions This was pointed out by Whipple and 
Robscheit-Robbins (12) m studying the effect of feeding iron over periods of 
2 weeks on the hemoglobin production of anemic dogs They found that 
increasing the iron dosage 10 times (i e from 40 mg per day to 400 mg per 
day) resulted in the utilization of about twice as much of the metal This 
meant a drop m percentage utilization from 30 to 35 per cent to 5 to 7 per cent 
Employing the radioactive isotope of iron, Hahn, Ross, Bale, and Whipple (8) 
showed that the per cent utilization ranged from 60 per cent with a single dose 
of 1 2 mg of radio iron to 3 2 per cent with a dose of 115 mg when iron depleted 
anemic dogs were studied Smce the time of the last mentioned report con- 
siderably more data have accumulated and it is possible to employ this 
experience in the proper evaluation of the effect of smgle doses even though 
there is appreciable vanation m the amount of iron used 

It is reasonably certam that the healthy adult woman must absorb more 
iron than the healthy male, as we cannot assume that she excretes less iron 
through the mtestmal tract than the male and she must replace the menstrual 
hemoglobm loss which averages 6 to 9 gm hemoglobin or 20 to 30 mg Fe per 
month Whether this excess iron intake could be demonstrated by careful 
study of groups of healthy males and females by use of radio non remains 
for the future 

The pregnant woman at least m the late months of pregnancy does show 
'increased intake of radio iron, although there are great vanations and a few 
cases of normal iron intake (Table 2) This intake of iron bears no relation 
to the red cell hematocrit as we observe maximal absorption m cases with low, 
and again, with high hematocrit (cases 32 and 34, Table 2) We note a normal 
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absorption with a low red cell hematocnt (case 29) and with a high red cell 
hematocrit (case 33) 

Such evidence as we have m this laboratory, published and unpublished, 
indicates that the reserve stores of iron are usually low in the liver and presum- 
ably in other body stores (spleen and marrow) late in pregnancy It is reason 
able to suppose that the insistent demands of the growing fetus deplete the 
maternal stores even without any significant anemia Such cases should 
absorb radio iron readily and almost certainly do so On a different dietary 
r6gimc the pregnant woman might keep her reserve stores at an adequate 
level and absorb only the normal amount of radio iron, that is approximately 
1 per cent or less of the iron fed 

The evidence from this group of pregnancy cases is m harmony with other 
clinical evidence (Table 1) and experimental evidence in the dog — that the 
reserve stores of iron are of more importance than the hemoglobin level in 
determining the amount of non absorption The intestinal mucosa has the 
power of discrimination and can take iron or leave it, but the mechanism of 
this peculiar capacity is obscure 


SUHHARY 

Radio iron is a tool which makes iron absorption studies quite accurate m 
dogs and reasonably satisfactory in human beings This method is vastly 
superior to others previously used 

Normal human pregnancy without significant anemia may show active radio 
iron absorption — 16 to 27 per cent of iron intake The pregnant woman as 
a rule shows 2 to 10 times the normal absorption of radio iron 

Diseased states in which iron stores are known to be very abundant — per- 
nicious anemia, hemochromatosis, familial icterus, and Mediterranean anemia 
—show very little absorption, probably less than normaL This is m spite of a 
severe anemia m all conditions except hemochromatosis 

Chrome infections m spite of anemia show no utilisation of radio iron, 
whether it may be absorbed or not 

Leukemia shows little utilisation of radio iron in red cells m spite of absorp- 
tion (autopsy), probably because of white cells choking the red marrow 

Polycythemia shows very low values for iron absorption as do normal 
persons. Two pregnant women showed only normal iron absorption. 

We believe that reserve stores of iron in the body, rather than anemia, control 
iron absorption This control is exerted upon the gastro-intestmal mucosa 
which can refuse or accept iron under various conditions 
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In earlier attempts to transmit the murine strain of SK. poliomyelitis virus 
from mice to guinea pigs active virus could be recovered from in tracereb rally 
injected guinea pigs up to 96 hours after injection (1) Meanwhile other ob 
servations served to indicate that some virus multiplication occurred m tissue 
cultures prepared with embryonic guinea pig brain. For the above reasons we 
ventured to predict "the possibility of training the infectious agent to produce 
ultimately disease in that rodent as well.” It is therefore of interest to record 
that renewed efforts, beginning with the 70th mouse passage, to transmit the 
murine virus from paralyzed mice to guinea pigs resulted m the occurrence of 
frank paralysis m the latter animal (2) The present communication sets forth 
m detail the various experimental aspects of this guinea pig paralysis. 

The data presented deal with the adaptation of the murine virus from mice to 
guinea pigs and describe the symptomatology of the disease thus produced 
There are also included certain facts concerning the properties of the guinea pig 
virus and its manifestations in this host. In addition, the immunity mech 
anism, which develops m the guinea pig as the result of this infection, was 
studied. Finally, the behavior of the guinea pig virus m rhesus monkeys was 
made the subject of careful investigation. 

Transfer of M urine Virus from Mice to Guinea Pigs and Establishment of a Fixed 
Strain of Canon Virus in Guinea Ptgs 

The mimne virus was maintained by unbroken serial transfer from mouse to 
mouse during the entire course of this investigation. At various points of this 
continuous line of mouse passages transmission to guinea pigs was attempted by 
injecting the latter animals with a standard dose of 0 1 cc. of 10 per cent brain 
suspensions prepared from paralyzed mice. As stated before, virus obtained 
from several early mouse passages (3rd to 12th mouse passage) proved ineffec- 
tive in bringing about paralysis m guinea pigs. However, numerous transfers 

* Aided by a grant from the Philip Hanson Hia, Jr., Memorial Fond. 

31 



34 


RODENT POLIOMYELITIS LEI 


incubation period has been as long as from 2 to 3 weeks, once the virus is fixed in 
the guinea pig, as the result of prolonged passage, the disease develops with 
marked regularity between the 3rd and 6th day No symptoms are noted, as a 
rule, during the incubation period Observations extending over more than 
175 infected guinea pigs indicate that some animals may show a preparalytic 
fever of 104 to 105°F which drops with the onset of paralysis This febrile 
reaction, when present, seems well enough defined, but individual variations are 
such as to preclude any pathognomonic fever curve Paralysis sets in abruptly, 
often overnight, and is complete within a few hours, characteristically involving 
the hind legs more often than the front legs This condition in a majority of 
animals progresses to prostration with a terminal fatal issue Occasionally 
cavian virus may produce a syndrome wherein infected animals, after a some- 


CHART I 

TRANSFER OF MURINE VIRUS TO GUMEA PIGS 
MURINE PASSAGE 1NFECTTV1TY FOR 



what longer incubation period, show salivation and become marasmic, but ex- 
hibit no distinct flaccid paralysis In two instances animals showing such a 
syndrome were sacrificed and blood as well as suspensions of spleen, brain, and 
cord were inoculated mtracerebrally or intrapentoneally into mice and guinea 
pigs Blood and spleen produced no symptoms whatsoever, whereas all mice 
and guinea pigs injected with brain or cord developed typical flaccid paralysis 
m from 3 to 4 days The conclusion seems justified, therefore, that the de- 
scribed aberrant syndrome was not caused by the activity of any possible viral 
contaminant, but that the encephalitic symptoms should be ascribed to an 
unusual persistence and localization of the cavian virus in the brain of infected 
guinea pigs This conclusion is further supported by careful pathological ex- 
amination of the central nervous system of such guinea pigs which disclosed the 
presence of a polioencephalitis, together with characteristic lesions in the 
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anterior horn of the spinal cord A detailed report of the pathology of the 
guinea pig paralysis will be found in another paper of this senes of comm uni ca 
tions (4) 


Routes of Infection tn Guinea Pigs 

Dunng the two periods that murine virus could be successfully transmitted 
from mouse to guinea pig the incidence of paralysis m the latter animal was 

TABLE n 


Incidence of Paralysis in Guinea Pits Follow ng Injection vitk Murine Virus (70tk to 168tk 
House Passage) or Cavian Virus ( 3rd and 21st Guinea Pig Passage) by Dijfercnt Routes 


Route of Injretloo 

Vina 

Dcm 

No of faint* 

plfi 

| Remit 

Finlyrii 

No ptrabni* 

Intracerebral 

Murine* 

tt 

0 1 

36 

32 

4 


Cavian} 

0 1 

7 

7 

0 

In tiu venous 

Murine 

1 0 

3 1 

2 

1 


Cavian 

1 0 

3 

2 

1 

In tni peritoneal 

Murine 

2 0 

6 

4 

2 


Cavian 

10-2 0 

6 

0 

6 

Subcutaneous 

Murine 

2 0 

3 

1 

2 


Cavian 

1 0-2 0 

6 


6 

Intranasal 

Murine 

1 0 

5 

0 

5 


Cavian 

0 2-1 0 

6 

0 

6 

Oral 

Murine 

J 0J 

58 

0 

58 


Cavian 

1 0-2 Of 

5 

0 

5 


* 10 per cent mouse brain suspension. 

X 10 per cent guinea pig brain and cord suspension. 
| On 3 consecutive or alternate day*. 


uniformly high, with an average mfectivity of 90 and 75 per cent, respectively 
Paralysis was also obtained by intravenous, mtrapentoneal, or subcutaneous 
injection, although the last route proved definitely the least effective In 
tranasal instillation or oral administration of murine virus have consistently 
failed to evoke any unmistakable signs of paralysis (Tkble II) 

When virus is employed which has been passed through guinea pigs for sev- 
eral generations paralysis can readily be produced by intracerebral Injection 
but not by intrapentoneal, subcutaneous, m tranasal, or oral administration 
However, cavian fixed virus of the 21st generation was capable of inducing 
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paralysis upon intravenous as well as intracerebral inoculation, the same ma- 
terial when injected into guinea pigs by the intraperitoneal, subcutaneous, 
nasal, or oral route again failed to cause any paralytic symptoms (Table II) 
The inability of munne virus to infect guinea pigs by oral administration 
stands m marked contrast to the results obtained m mice T his problem was 
therefore made the subject of further study It was first thought that the in- 
gestion of certain other substances along with the virus might render the latter 
infectious from the gastrointestinal tract Thus, in one experiment, feeding of 
munne virus u as followed by feeding of egg yolk, gastnc mucin, coli bacteno- 
phage, or of a suspension of tnturated mouse intestine Attempts were also 
made to bring about changes in the condition of the animal which might facili- 
tate invasion of the infectious agent One series of guinea pigs, pnor to oral 
administration of munne virus, was therefore mjected with sublethal doses of 
diphthena toxin, while another series had previously been maintained on a 
scorbutic diet Suffice it to say that none of these methods were of any avail m 
rendering the munne virus infectious for guinea pigs by the gastrointestinal 
route 


Tttrahon of Virus 

Titration of the infectivity of murine virus (141st to 144th mouse passage) 
m guinea pigs showed that dilutions of mouse brain suspension up to 1 500 
were effective in producing paralysis following intracerebral injection On the 
other hand, cavian virus of the 13th guinea pig passage seemed to possess much 
less potency since brain and cord suspensions, injected intracerebrally, failed to 
produce paralysis m dilutions above 1 10 A more recent titration of cavian 
virus m its 38th guinea pig passage, however, indicates a substantial increase m 
virulence in that brain and cord dilutions up to 1 500 proved infective 

Titration of the infectivity of cavian virus (brain and cord suspensions of the 
25th and 31st guinea pig passages) for mice revealed that guinea pig passage ap- 
parently reduces the mouse virulence of the virus, titration end points m mice 
being 10~ 8 , as determined by intracerebral test When transferred further to 
new mice, however, the virus proved again infective to a titer of 10 -7 Inas- 
much as this titer almost reached the virulence level of mouse passage virus 
(10~ 8 by the intracerebral route), passage through mice seems to cause a rapid 
return of the cavian virus to its original murrne character 

Distribution of Virus in Guinea Pigs 

Pathological observations (2, 4) had left little question that the lesions m 
paralyzed guinea pigs are strictly confined to the central nervous system, par- 
ticularly the anterior horn cell in the spmal cord The marked neurotropism of 
the virus in this animal is further substantiated by the results of experiments m 
which the distribution of murme or cavian passage virus was studied m intra- 
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cerebrally infected guinea pigs. For this purpose nervous and non nervous 
tissues of infected guinea pigs, at the height of paralysis, were transferred to 
mice Mice were used in these tests because they were known to react to small 
doses of virus with great regularity It was found that the transfer to mice of 
brain and cord from paralyzed guinea pigs always resulted in typical paralysis 
after a short incubation period (2 to 4 days), indicating the presence of large 
amounts of virus m such tissues By contrast, transfer of blood, spleen, or 
liver was negative in nearly all instances (Table HE) The technique employed 
throughout these experiments consisted in the intracerebral or mtraperitoneal 


TABLE m 

Distribution of Vtrus in Cum fa Pits Folloving Administration of Ifurint or Cavian Virus 



+ — virui present in all nuUnces ± — viru* present irregularly — — virus not present. 
* Guinea pJgi gamin cd rvere sacrificed during incubation period or at height of paralysis, 
J One pooled sample tested. 

5 Guinea pigs examined were sacrificed at Intervals of 1 to 14 days after oral administration 
of virus. 

fl Nine pooled sample* tested. Three samples were positive, 6 were negative 

injection of mice with 0 03 cc or 0 1 ce. of 10 per cent suspensions of the 
various tissues, blood was either injected intrapentoneally (Oh to 1 cc.), 
freshly drawn, or intracerebrally (0 03 cc ) and intrapentoneally after lairing or 
heparinization. These findings stand in sharp contrast to analogous observa- 
tions m mice which had revealed a systemic distribution of the virus in that 
animal, at least during certain phases of the infectious process 
The possibility of a centrifugal spread of the virus from the infected central 
nervous system was next examined by testing the feces of paralyzed guinea pigs 
for virus content. In these experiments, 10 per cent saline suspensions of feces 
were filtered through a N Berkefeld candle and then injected intrapentoneally 
Into mic e m amounts of 0 2 to Oh cc. In several tests it proved impossible to 
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recover any virus from the feces of guinea pigs paralyzed by intracerebral in- 
jection of either munne or cavian virus However, active virus could be re- 
covered, on three occasions, from the feces of guinea pigs following oral ad- 
ministration of munne virus None of these animals had shown any paralytic 
symptoms and transfer of brain and cord to mice indicated that their central 
nervous system was demonstrably free from virus Virus has not been en- 
countered, in repeated tests, m the feces of normal guinea pigs 

Cultivation of Cavian Virus t n Vitro 

Repeated attempts to grow cavian virus m tissue culture were unsuccessful 
until virus of the 15th guinea pig passage was inoculated into embryonic mouse 
brain tissue culture This type of tissue culture and the technique of sub- 
cultunng are fully described m another paper of this senes of communications 
(5) When tested intracerebrally m guinea pigs, undiluted tissue culture fluid 
of the 12th m vitro subculture paralyzed 1 of 2 animals, whereas a similar inocu- 
lation of the 30th subculture gave negative results Both subcultures, how- 
ever, proved infectious for mice, the latter to a titer of 10~ 5 by the intra- 
cerebral route These preliminary experiments suggest that cavian virus can 
be grown in tissue culture but that optimum conditions for its propagation, with 
full maintenance of guinea pig virulence, have as yet not been obtained Pos- 
sibly embryonic guinea pig brain rather than mouse brain may make a better 
substrate for m vitro cultivation of this virus 

Serological Tests with the Cavian Virus 

Neutralization tests were carried out m order to study the nature of the 
cavian virus with the help of serological methods The object of this work was, 
first, to establish, if possible, the identity between murine and cavian virus, and, 
secondly, to determine whether cavian virus was antigemcally related to 
authentic poliomyelitis virus These tests therefore consisted of (1) experi- 
ments m which immune rabbit sera prepared against cavian or murine passage 
virus were exa min ed for their ability to inactivate the homologous and heterol- 
ogous viruses m mice and guinea pigs, (2) experiments m which guinea pig 
convalescent serum, monkey SK and Aycock convalescent sera, and anti- 
poliomyelitis horse sera 1 were tested for neutralizing power against cavian virus 
m guinea pigs Similar tests were carried out, for control purpose, with a 
hyperimmune rabbit serum against the virus of lymphocytic choriomeningitis 2 
and with normal sera from rabbits, guinea pigs, monkeys, and horses 

It was clearly shown that anticavian rabbit immune serum possesses strong 

1 These sera were obtained through the courtesy of Dr J A Toomey from the 
City Hospital, Cleveland 

2 This serum was obtained through the courtesy of Dr J E Smadel from Dr 
Rivers’ laboratory 
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virucidal power against murine virus in mice since the serum neutralized the 
maximum dose of virus used, i.c 10 -1 These tests were run by mtrapentoneal 
injection of mice with virus-serum mixtures, as described in another paper (3) 
The reverse is also true, namely that cavian virus m guinea pigs Is completely 


TABLE IV 

Neutralization tn Vitro of Conan Vims in Guinea Pip by Various Antisera 
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tralization tests with the same sera against their corresponding strains of mon- 
key poliomyelitis virus had not been earned out However, one of two potent 
anti poliomyelitis horse sera (concentrated fraction) gave complete neutraliza- 
tion in repeated tests, the same serum had previously neutralized munne virus 
m mice (3) In contrast herewith, neutralization of cavian virus was not ob- 
tained with anti lymphocytic-chonomemngitis rabbit immune serum nor with 
any of the several normal sera 

Immunity Phenomena of the Disease in Guinea Pigs 

During the course of this investigation there were available for further study 
a number of guinea pigs which had survived infection by various routes with 
either murine or cavian passage virus without showing any paralytic symptoms 
These guinea pigs were in no way convalescent animals but had remained com- 
pletely free from any objective signs of disease Three to 6 weeks after their 
first injection these symptomless guinea pigs were reinfected intracerebrally 
either with potent munne or cavian passage virus The results are listed in 
Table V 

Upon considering the data as a whole it will be gathered that of a total of 70 
animals which had failed to show symptoms following a first inoculation with 
either munne or cavian virus, 46 were solidly immune to reinfection with the 
same viruses whereas 24 proved susceptible, all 33 accompanying control ani- 
mals succumbed to the disease The described protection occurred irrespective 
of whether the guinea pigs had previously received cavian virus or munne virus 
It will be noted, however, that guinea pigs which had received the initial virus 
injection intracerebrally were better protected than those which had pre- 
viously been injected by the nasal or oral route 3 

The above observations indicate that murine or cavian virus, when causing 
an mapparent infection m guinea pigs, is capable of leaving the animal m a state 
of immunity which is of considerable proportions The possibility must be 
considered that this resistance may be, m some way, connected with persistence 
of the virus For active virus, as determined by transfer to mice, could be 
recovered, on one occasion, from symptomless guinea pigs mjected intracere- 
brally with cavian passage virus as late as 3 weeks following such injection 

It became of mterest to investigate further the mechanism of this “latent im- 
munity” by determining to what extent the tissues or the serum of resistant 
guinea pigs possessed the power to inactivate virus The first experiment in- 
cluded a group of 8 guinea pigs, none of which had shown any symptoms fol- 

3 It was found that the injection of massive doses of Theiler’s virus m guinea pigs 
fails to produce any cluneal signs of disease, even though the virus may be recovered 
as late as 72 hours after intracerebral injection from the central nervous system of 
such animals It is of mterest to note in this connection that such symptomlessly 
infected guinea pigs proved fully susceptible to reinfection with cavian virus 
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TABLE V 

Reinfection with H units or Can' an Virus of Guinea Pigs Ginng a Previous History of 
' Symptom less Infection 


Experiments 

Preview* history of 
guinea pft* 


Vina osed for reinfection 

Remits 

Paral- 

ysis 

No 

Experiment 1 

Murine virus LC 

1 

Murine virus LC 

0 

l 

1/7/41 

Cavian “ 

9 

* 

3 

6 


Normal controls 

6 

u 

6 

0 

Experiment 2 

Murine virus LC. 

1 

i 

0 

1 

1/24/41 

Cavian 

5 

“ “ 

3 

2 


Normal controls 

5 

• <« 

5 

0 

Experiment 3 

Murine vims IJP 

1 

- u 

0 

1 

3/7/41 

SC 

1 



1 


1 orally 

6 

M 1 

3 

3 


Normal controls 

2 

1 

2 


Experiment 4 

Munne vims orally 

6 

u 

2 i 

4 

4/4/41 

Cavian ‘ LC 

2 



2 


Norma] controls 

2 

u 

2 


Experiment 5 

Cavian virus LC 

3 

u 

1 

2 

5/17/41 

Normal controls 

2 


2 


Experiment 6 

Murine virus LC 

4 * 

Cavian vims I C 

1 

3 

9/25/41 

Cavian 

7 


1 

6 


I.P 

2 


1 

1 


SC 

3 


1 

2 


I.N 

3 


3 

0 


orally 

2 


2 

0 


Normal controls 

5 


5 

0 

Experiment 7 

Munne virus I C 

5* 


0 

5 

10/8/41 

Normal controls 

4 


4 

0 

Experiment 8 

Murine vims LC 

3* 

“ 

0 

3 

11/21/41 

Normal controls 

4 


4 

0 

Experiment 9 

Murine vims I C 

3 

*• 

0 

3 

2/10/42 

Cavian orally 

3 


3 

0 


Normal controls 

3 

‘ 

3 

0 


I C — in tr» cerebrally S.C - subcutaneously 

LP — intraperitoneaHy I.N — intranasally 

* These guinea, pigs had received murine virus daring the time that negative transfers 
were obtained from mouse to guinea pig 
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lowing injection with murine virus, and another group of 7 guinea pigs which 
were convalescing from an attack of munne paralysis, a third group of 4 normal 
guinea pigs was added for control purpose All 19 guinea pigs received an 
intracerebral dose of 0 1 cc of a 10 per cent suspension of potent munne virus 
At intervals varying from 24 to 72 hours these animals were sacrificed and then 
brain and cord transferred to mice No virus, or at best only traces of virus, 
were present m the brain or cord of either symptomless or convalescent a nimals , 
whereas active virus could regularly be recovered at 48 to 72 hour intervals from 
the nervous tissue of infected normal guinea pigs The results of these tests 
suggest, first, that the central nervous system of symptomless guinea pigs is 
capable of disposing of virus in a highly effective manner and, second, that 
this disposal is analogous to the mechanism which operates in convalescent 
animals The protection, therefore, appears to be essentially the same, 
irrespective of whether the guinea pig had or had not had paralysis before 

In a second experiment the sera of latently immune guinea pigs were ex- 
amined for their power to inactivate murine virus in vitro These sera were ob- 
tained from various groups of symptomless guinea pigs, i e guinea pigs which 
had been fed munne virus, or guinea pigs which had received either murine or 
cavian virus intracerebrally without developing paralysis A total of 11 sera, 
pooled in three lots according to ongin, was thus examined, normal guinea pig 
sera were included for control purposes The results of these neutralization 
tests showed that the pooled sera of latently immune guinea pigs, without excep- 
tion, were strongly virucidal for munne virus as determined by mtrapentoneal 
tests m mice, inasmuch as they neutralized doses of virus as high as 10~ : By 
contrast, no virucidal power could be detected in normal control sera which 
failed to neutralize virus dilutions up to 10 -6 

When the two experiments are taken together there can be little doubt that 
guinea pigs rendered latently immune to virus by symptomless infection are 
endowed with a well developed protective mechanism, which can be demon- 
strated, on the one hand, by the power of nerve tissue to dispose of virus in vivo, 
and, on the other, by the ability of serum to inactivate the infectious agent in 
vitro While no unequivocal distinction can be made between cellular or 
humoral factors involved, the nature of the clearing mechanism mvites further 
study and clarification What seems to be of particular mterest, however, even 
at this early stage of the problem, is the fact that neutralizing antibodies were 
readily found m the sera of guinea pigs following oral administration of the 
virus, even though no active virus could be discovered in the central nervous 
system of such animals 

Non-Specific Age Resistance of Guinea Pigs to Infection with Murine Virus 

The next experiments deal with the question whether non-specific protection 
against cavian virus can be demonstrated m guinea pigs as the result of in- 
creased resistance with age As is well known, many neurotropic viruses, 



C. W JUNGEBLUT, R. R FEINER, AND 1L BANDERS 


43 


when injected by peripheral routes into adult animals, encounter physiological 
barriers which impede their further travel to the central nervous system. As 
far as poliomyelitis is concerned, this question has not yet been put to a satis- 
factory experimental trial because small laboratory animals susceptible to this 
virus have heretofore not been available The opportunity was therefore 
seised to investigate this problem in guinea pigs 

A group of 33 guinea pigs, weighing 600 gm. or more, received murine virus 
by various routes, 8 intra cerebrally, 10 intravenously, 10 interpentoneally, 
and 5 subcutaneously The incidence of paralysis among these animals, 
following intravenous or intrapentoneal injection, did not differ materially 
from that observed in young guinea pigs There was a suggestion, however, 
that the older animals were slightly more resistant to subcutaneous and, per 
haps, even to intracerebral inoculation since by the former route only 3 of 8 
came down with paralysis and by the latter none of 5 animals Admittedly, 
the number of guinea pigs used was too small and the experiment not sufficiently 
complete to yield conclusive evidence. However, it is interesting in this con- 
nection to mention that neutralizing substances for this virus are not present in 
the sera of normal adult guinea pigs (5 sera tested) m contrast with the sera 
of symptomless infected animals which regularly contain such antibodies 
The problem of age resistance m the guinea pig obviously requires further 
study, with consideration of the pathogenesis of the disease following different 
routes of injection, and the use of graded infecting doses, such as was done 
for murine virus m mice (3) 

Pathogenicity of Canan Virus for Rhesus Monkeys 

The monkey pathogenicity of the guinea pig virus was studied by inoculating 
a number of rhesus monkeys with the brain or cord of guinea pigs paralyzed by 
passage virus, the usual dose was 1 cc. of 10 per cent suspensions injected intra 
cerebrally Such transfers from guinea pig to monkey were earned out with 
every consecutive passage durmg the first two lines of virus propagation m 
guinea pigs, and with the 8th and 21st passage of the third line The results 
are given m Table VI 

It will be seen that of a total of 35 monkeys which had received guinea pig 
passage virus mtracereb rally, 26 failed to respond with any manifest symptoms 
of disease, save for a transient fever and occasional awkwardness in movements 
Intracerebral reinfection with SK poliomyelitis virus which paralyzed all of 12 
accompanying normal controls failed to produce paralysis in 5 of 19 such 
symptomless monkeys There remain 9 monkeyB m which the injection of 
cavrnn virus was followed by various signs of definite involvement of the central 
nervous system. Thus, 5 animals developed a characteristic encephalitic 
syndrome consisting of coarse tremor convulsions and facial palsy, 3 showed 
a paresis of one or more extremities, and 1, on the 8th day after infection, 
presented a complete flaccid paralysis of the left leg The clinical picture ob- 
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served in this latter animal was that of “classical” poliomyelitis, the tram of 
symptoms progressing from a preparalytic fever to paresis and, thence, to 
frank paralysis, moreover, pathological examination of the central nervous 
system, upon sacrifice on the 10th day of the disease, revealed typical unilateral 
poliomyelitic lesions in the lumbar level of the spinal cord 

The available data may be summarized by saying that cavian passage virus, 
m principle, is no more pathogenic for rhesus monkeys than is munne passage 
virus In other words, a smgle intracerebral injection of virus usually causes 


TABLE VI 

Transfer of Guinea Pig Passage Virus to Rhesus Monkeys 


Line of 
propagation 
in guinea 

pigs 

Guinea pig 
passage 

No^ of monkeys 
injected rntra 
cerebrally with 
guinea pig brain 
or cord 

Result 

Negative* 

Encephalitic 

syndrome 

Paresis 

Paraly»ij 

1st 

i 

2 

i 


i 


1st 

n 

7 

5 

i 

i 


1st 

m 

2 

2 




1st 

rv 

6 

3 

i 

i 

1 

1st 

V 

2 

1 

i 



2nd 

i 

2 

2 




2nd 

n 

2 

2 




2nd 

hi 

2 

2 




2nd 

rv 

8 

7 

i 



3rd 

VIII 

1 

1 




3rd 

XXI 

1 


i 



lst-3rd 

I-XXI 

35 

26 

5 

3 

1 


* Monkeys listed as negative had either no symptoms whatsoever or showed a transient 
fever (103-107°F ) with occasional awkwardness m movements 


no manifest symptoms of disease, although certain animals may develop an 
encephahtic syndrome, with or without localized pareses In one instance, 
however, classical poliomyelitis occurred m a monkey following injection with 
cavian virus obtained from a passage which failed to transfer further to guinea 
pigs, but was still paralyzing mice The full significance of these observations 
for the mechanism of virus adaptation from monkey to rodents, and vice versa, 
is as yet not immediately apparent 

Recovery of Virus from the Tissues of Poliomyelitis-Convalescent Monkeys 
Following Injection with Cavian Virus 

The results of previous experiments (1) will be recalled which had shown that 
the tissues of poliomyelitis-convalescent monkeys, when tested 24 to 96 hours 
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after injection with munne virus, were relatively, if not absolutely, free of the 
infectious agent Since a highly effective clearing mechanism had just been 
demonstrated in the tissues of guinea pigs convalescing from cavian paralysis 
or latently immune to this virus, it became of interest to investigate the fate 
of cavian virus after injection into poliomyelitis-convalescent monkeys A 
total of 9 monkeys which had survived a previous poliomyelitic infection with 
SK or Aycock virus were available for this purpose All showed considerable 
residual paralysis at the time of this experiment, but the interval between their 
paralytic attack and the injection of cavian virus varied from 2 weeks to as 


TABLE VII 

Recovery of Virus from Tissues of PoUcmydihs-Ccmvalescenl llonkeys Fcilovrini Injection witk 
Cavian Virus As Determined by Transfer to lfice* 


Monkey 

Interval 
b* tween 
paialyaii and 
Injection of 
caetan thru 

Route of Injection 
with cavian Tina 

Recovery ot vine* from monkey 
ttmoe* 

| Brain 

| Cord 

| Spleen 

Blood 

AG72 Normal 

— 





+ 

AH18 Convalescent SK 

3 wka. 





— 

AG43 

3J mos. 





+ 

AG 19 Aycock 

31 





+ 

AH43 Normal 

— 

In txa venom 

— 

— 

+ 

+ 

AIL54 Convalescent SK 

2 wks. 


— 

— 

— 

— 

AH 58 Aycock 

2 « 


— 

— 

— 

- 

AG81 ‘ SK 

2 mos. 


— 

+ 

4- 

— 

AG83 

2 


+ 

+ 

+ 

+ 

AG8 

3 

* 

— 

+ 

+ 

+ 

AG56 

3 


+ 

+ 

+ 

+ 


* All monkey* were *acnficed 72 hoars after the injection of cavian virus. 


long as 3 months Cavian passage virus (8 to 12th generation) was injected 
mto these animals, either in tra cerebrally or intravenously, in doses of 1 cc. or 
5 cc., respectively, of a 10 per cent guinea pig b ram-cord suspension Two 
normal monkeys received the same inoculum After a uniform interval of 72 
hours all animals were sacrificed and brain, cord, spleen, and blood were trans- 
ferred to mice The technique was the same as previously employed m similar 
tests with guinea pigs The results of this experiment are given m Table "VTL 
The data given m Table VH show that cavian virus injected in tra cerebrally 
mto a normal monkey was recovered from the central nervous system as well 
as from extraneural sites, while the same virus after intravenous injection was 
recoverable only from spleen and blood In contrast herewith no virus, irre- 
spective of the route of injection, could be recovered from nervous or non 
nervous tissue of monkeys shortly after a preceding attack of poliomyelitis, 
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however, m the later stages of convalescence transfers were positive from 
practically all tissues tested _ It would therefore seem that poliomyelitic 
paralysis in the monkey is associated with a well developed but transient 
virucidal mechanism for the elimination of cavian virus 

Immunization of Monkeys with Cavian Virus 

A group of 4 monkeys were immunized with cavian passage virus (1st to 
5th generation) The virus was administered by subcutaneous injection, in 
ten equal doses of 7 cc of 10 per cent brain-cord suspensions, over a period of 
1 month At the end of the immunization penod these monkeys were tested 
for immunity by intracerebral injection with 1 cc of a 1 10 dilution of SK 
monkey virus Two normal control monkeys received a similar dose of SK 
virus by the intracerebral route Both control animals developed partial 
paralysis Of the 4 immunized monkeys, 2 developed partial paralysis, 1 
showed a transient weakness of the arms and legs, and 1 remained free from 
any symptoms The degree of protection in this experiment was certainly 
not striking 

Interference between Cavian and Monkey Virus m Rhesus Monkeys 

One attempt was made to determine whether cavian virus could be used 
effectively as an interfering agent in blocking poliomyelitic infection m mon- 
keys Six monkeys were mjected mtracerebrally with 0 5 cc of RMV virus 
in a 1 10 dilution The animals were then divided into two groups of 3 
monkeys each, one group receiving intravenously repeated doses of 6 cc of 10 
per cent cavian virus (brain-cord suspension of 12th to 19th generation), be- 
ginning with the day of infection, the other group receiving the same dose of 
cavian virus 48 hours after infection Three control monkeys were mjected 
mtracerebrally with 0 5 cc of a 1 10 dilution of RMV virus alone All animals 
in this experiment developed prostrating paralysis after an incubation period 
of 6 to 8 days, except one which had received cavian virus at the 48 hour inter- 
val This monkey survived with slight paralytic involvement of both arms and 
legs 

The above results furnish no evidence of effective interference between cavian 
virus and RMV virus in monkeys under the conditions of the test Possibly 
the failure was due to the low virulence (1 20) of the cavian virus in its early 
passages, or to the large dose of RMV virus (1 10) used m this experiment A 
final conclusion can only be reached after further tests have been done under 
more favorable quantitative conditions 

DISCUSSION 

In 1910, while studying experimental poliomyelitis m monkeys, Roemer and 
Joseph (6) called attention to a presumably spontaneous flaccid paralysis which 
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occurred m approximately 5 per cent of their normal guinea pig stock The 
causative agent was proved to be a filterable virus but further identification 
was not earned out, probably because the virus was lost m its 5th passage 
through guinea pigs (7) Similar isolated observations, although less docu- 
mented, were made by Neustaedter (8) m 1913 and by Picard (9) in 1925, both 
authors interpreting their findings as spontaneous induction of poliomyelitis 
in guinea pig3 following close contact with poliomyelitis-infected monkeys 
In the absence of further published records, it must remain undecided, first, 
whether the described condition actually represented authentic poliomyelitis 
acquired by chance contact at the implied source of infection , secondly, whether 
the disease was caused by a known virus, such as lymphocytic choriomeningitis 
or equme encephalomyelitis, which happened to occur in these guinea pigs 
with atypical manifestations alone or together with poliomyelitis virus, or, 
thirdly, whether the authors were dealing with a truly spontaneous infection 
in guinea pigs that imitates poliomyelitis to the same extent as does Thefleris 
spontaneous encephalomyehtis m mice. 

Notwithstanding the above mentioned observations, it has generally been 
held that the guinea pig Is insusceptible to experimental inoculation with 
human or simian poliomyelitis virus There seems no reason now to depart 
from this traditional belief — as far as the power of the virus to indu'ce paralysis 
is concerned — because attempts to transfer SK poliomyelitis virus directly 
from monkeys to guinea pigs have uniformly failed to elicit any paralytic 
symptoms m the hands of Trask and his coworkers (10), as well as in our own 
experience. However, a new impetus is given to this problem by the data 
presented m this paper, since adaptation of poliomyelitis virus from monkey 
to guinea pig apparently succeeded by subjecting the virus to intermediary 
passage through certain rodents, namely the cotton rat and the white mouse 
Confirmatory evidence that the SK strain can be transferred from the cotton 
rat to the guinea pig has since been presented by Toomey and Takacs (11) 

The possibility that the cavian virus described m this paper is a contaminat- 
ing virus, naturally occurring m guinea pigs, can be safely eliminated because 
cavian virus is serologically indistinguishable from and m all probability 
identical with murine virus It may be assumed, then, that the disease in 
guinea pigs is the result of a direct transfer of the infectious agent from mouse 
to guinea pig Therefore, all other evidence suggesting the poliomyelitic 
nature of the SK virus in mice (1, 5) is equally applicable to identification of 
the virus in guinea pigs Further support comes from the symptomatology 
and pathology of the guinea pig paralysis, which approaches the picture of 
poliomyelitis in man and monkey more closely than does the mouse paralysis 
To these observations may be added the fact that attempts to transfer cavian 
virus to rhesus monkeys have occasionally resulted in localized pareses and, 
m one instance, m flaccid paralysis The lack of protection m monkeys follow- 
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mg im m un i zation with cavian virus against intracerebral reinfection with SK 
monkey poliomyelitis virus cannot be weighed too much, since the same pro- 
cedure would also prove unsatisfactory with authentic str ains of monkey 
poliomyelitis virus As far as identification by serological methods is con- 
cerned, inactivation of cavian virus in guinea pigs by poliomyelitis-convalescent 
monkey sera is definite enough when it occurs, although the data can hardly 
be said to be sufficiently convincing to bear much weight More suggestive 
evidence comes from neutralization tests with potent antipohomyehtis horse 
sera, one of which proved capable of completely inactivating the cavian virus 
in repeated tests The trend of these experiments, therefore, is not inconsistent 
with an assumption of some antigenic relationship between poliomyelitis virus 
and the cavian strain of virus, although certain differences do undoubtedly 
exist It is well to remember in this connection that s imilar difficulties limi t 
the usefulness of the neutralization test, even when apphed to the problem of 
identifying certain strains of poliomyelitis virus upon fresh isolation from man 
Of collateral interest is the information obtained from attempts to trace the 
fate of cavian virus in the tissues of normal and poliomyelitis-convalescent 
monkeys As far as the available data go they show that paralyzed monkeys, 
shortly after an attack of poliomyelitis, possess a well marked clearing mechan- 
ism for cavian virus which is not present m normal monkeys nor m recovered 
monkey’s during the late stages of convalescence This ability of pohomyehtis- 
lmmune tissues to dispose of cavian virus m vivo is analogous not only to the 
e limina tion of cavian virus from convalescent guinea pigs, but also to the fate 
of poliomyelitis virus in monkeys after a paralytic attack of poliomyelitis (12) 
Because the study of experimental poliomyelitis for many years has been 
confined to observations in only one host, i e the rhesus monkey, accumulated 
knowledge has been necessarily incomplete and, to some extent, misleading 
The trend of recent investigations suggests that important differences may 
exist in the response of other hosts to the same virus, smce cynomolgus monkeys 
and chimpanzees were found to be fully susceptible to infection by the gastro- 
intestinal route which is normally ineffective m rhesus monkeys As the op- 
portunities expand for further study of the experimental infection in new hosts, 
additional channels are opened up that may be expected to afford a clearer 
insight into the complexity of the human disease Inasmuch as there is now 
presumptive evidence that SK poliomyelitis virus can be successfully propa- 
gated, as a fixed strain of virus, not only m monkeys but also in white mice and 
guinea pigs, it becomes of interest to compare the similarities and dissimilarities 
in the response of the three hosts to the same infectious agent In the first 
place, one is impressed by the decided neurotropism of the virus in rhesus 
monkeys and m guinea pigs which stands m marked contrast to its wide 
distribution in mice Further differences exist in the effectiveness of various 
avenues of infection Thus, rhesus monkeys are constantly susceptible only 
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to intracerebral injections of the virus, guinea pigs may acquire the disease by 
intracerebral and intravenous injection, while mice succumb to intracerebral 
infection as well as to introduction of the virus by all peripheral routes, includ 
mg feeding and nasal instillation. In keeping with these observations the 
virulence of the virus vanes considerably among the three hosts, whereas titers 
between 1 100 and 1 500 represent the approximate end points of activity in 
rhesus monkeys and in guinea pigs, respectively, the virus reaches levels of 
potency In mice that he m the neighborhood of 1 1 billion The higher 
potency m mice, together with an apparently broader basis of cellular attack, 
may be the reason why in vitro cultivation has bo far clearly succeeded only 
with murine virus 

One phenomenon, outstanding m the course of this investigation, which 
deserves special consideration is the apparent cyclic variation in the trtins- 
missibihty of the infectious agent from mice to guinea pigs It will be recalled 
that while m urine vims was being serially propagated through unbroken 
mouse passages and cavian virus through similar unbroken guinea pig passages, 
phases of positive transfer from mouse to guinea pig alternated with phases of 
negative transfer It is impossible to say at present whether these fluctuations 
in pathogenicity were caused by periodic changes inherent in the biological 
nature of the virus, or whether they reflect alterations of a possibly seasonal 
character in susceptibility of the guinea pig which are brought out only when 
the virus is forced to adapt itself from one host to another That the non 
paralytic transfers cannot be regarded as “missed infections” w amply shown 
by the protection agamst reinfection which results from such symptomless 
attacks A similar protection is also demonstrable m guinea pigs which have 
remained symptom less following injection of munne or cavian passage virus by 
ineffective routes It would therefore seem as if the virus m guinea pigs may 
either assume the form of a manifestly paralyzing agent or of an agent which 
causes latent infection with subsequent development of a strong cellular and 
humoral immunity The analogy between such experimentally controlled 
observations and the epidemiology of poliomyelitis m man is striking and one 
will look to further elucidation of this problem as a promising lead for a better 
understanding of the pathogenesis of the human disease 

CONCLUSIONS 

1 Murine SK poliomyelitis virus has been transferred from mouse to guinea 
pig with the establishment of a fixed strain of cavian passage virus 

2 The disease thus produced in guinea pigs is characterized by the occur 
rence of flaccid paralysis Typical poliomyelitic lesions are found in the 
anterior horn of the spinal cord. 

3 Guinea pigs are susceptible to infection with munne virus by the mtra 
cerebral, intravenous, mtrapentoneal, and subcutaneous route, cavian passage 
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virus produces paralysis only upon intracerebral or intravenous injection 
Neither virus paralyzes guinea pigs by feeding or nasal instillation 

4 The potency of the virus (munne or cavian) in guinea pigs is considerably 
lower than in mice and compares with the titer of the original SK strain in 
monkeys In paralyzed guinea pigs the virus is found only in the central 
nervous system and not in extraneural sites, such as blood or abdominal viscera 

5 Attempts to cultivate cavian passage virus m tissue culture have yielded 
evidence of some in vitro propagation but no passage virus has as yet been ob- 
tained by this method 

6 Cross neutralization tests with cavian passage virus in guinea pigs and 
with munne virus m mice have established the serological identity of the two 
viruses Inactivation of cavian passage virus in guinea pigs by poliomyelitis- 
convalescent monkey sera is irregular Complete neutralization has been 
obtained with a concentrated poliomyelitis horse serum 

7 Resistance to reinfection with potent virus can be demonstrated in con- 
valescent guinea pigs as well as in guinea pigs which have survived a symptom- 
less infection with either munne or cavian virus This immunity is demon- 
strable by the power of the serum of such animals to neutralize the virus in 
vitro and by the ability of nerve tissue to dispose m vivo of the infectious agent 

8 Cavian passage virus has a limited pathogenicity for rhesus monkeys 
Of a total of 35 monkeys injected mtracerebrally with guinea pig passage virus 
26 failed to respond with any manifest symptoms of disease, 8 monkeys showed 
various signs of definite involvement of the central nervous system consisting 
of tremor, convulsions, facial palsy, and localized pareses, 1 monkey developed 
typical flaccid paralysis 

9 Following injection with cavian virus the virus may be recovered from 
the tissues of normal monkeys but not from the tissues of convalescent monkeys 
shortly after a paralyzing attack of poliomyelitis due to SK or Aycock virus 

10 I mmuniz ation of monkeys with early cavian passage virus by the sub- 
cutaneous route has given no clear-cut evidence of protection against intra- 
cerebral reinfection with SK poliomyelitis virus Neither has there been any 
evidence of effective interference in monkeys injected intravenously with early 
cavian passage virus and mtracerebrally with RMV poliomyelitis virus 

11 The bearing of the experimental data upon the epidemiology of the 
human disease is discussed 
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or both hind hmbs, and less often of one or both forehmbs, at times showed 
limpness of, and dragged their tails, occasionally had Jacksonian or generalized 
convulsions or head tremors, evidenced respiratory difficulty, became pros- 
trated, and died 

Methods — All of the mice used for pathological examination were killed by etheri- 
zation in the period between the onset of paresis in one or more hmbs and the tim e 
they became monbund The autopsy was performed immediately after the cessation 
of respiration, the spinal cord and brain were removed first and fixed m either 10 or 
20 per cent formalin solution In some instances, segments of freshly removed 
spmal cord and brain were also fixed m formalin amm onium bromide solution, 95 
per cent alcohol, and Zenker’s solution Occasionally the sciatic nerves and eyes 
were also removed and fixed in 10 or 20 per cent formalin solution. Specimens of 
each of the other organs were fixed in Zenker’s solution m each instance In fifteen 
mice, the brain and spinal cord were removed within their boney casings, the skull 
and vertebral column, and the whole fixed m 10 per cent fo rmalin for 24 hours, the 
skull being perforated and the spmal canal being opened at a number of points 
Decalcification was earned out m 1 per cent formic acid for 24 hours and the speci- 
mens sectioned for embedding Paraffin sections cut at 4 to 5 micra were used for 
the majonty of stains, at 10 to 18 micra for the Mahon stain, and frozen sections were 
cut for the metallic ghal and fat stains 

As nearly as was possible, a complete sampling of the central nervous system was 
earned out, while only segments of the other organs, and occasionally sciatic nerves 
and eyes were examined The appropnatc stains for the demonstration of Nissl 
substance, myelin sheaths, neurofibnls, astrocytes, microglia, blood vessels, and other 
connective tissues and neutral fat were earned out on the neural tissues and the 
hematoxylin-eosin stain on the other organs 

In the study of the neural tissues, the findings in each animal were tabulated noting 
the position and approximate seventy of the lesions The intensity of the tissue 

reaction was graded roughly m the following fashion -f very slight, + — 

shght, + mild, +-t- moderate, + + + marked, and + + + + very marked The 
degree of local edema and congestion, the presence and degree of penvascular and 
diffuse parenchymal infiltration by hematogenous elements, the occurrence and 
extent of ganghon cell degeneration, the amount of microglial activation, the oc- 
currence of astrocytic reaction, the presence of endothelial hyperplasia in the capil- 
laries, and the degree of secondary leptomemngeal infiltration were all considered m 
determining the seventy of the lesions 

Material — In all, fifty-six mice were studied in this fashion. Of these, nineteen 
had been inoculated intracerebrally, twelve intravenously, ten mtrapentoneally, 
and five subcutaneously, while six had been infected by gavage and four by nasal 
instillation In general, the pathological changes produced in the central nervous 
system upon inoculation of the virus by the various routes enumerated were similar 
at the late stage of the disease at which the animals were examined (between the 
initial paralysis and the monbund state) 

Gross Appearance op Organs — No clearly recognized gross abnormalities could 
be discerned m the brain or spmal cord, except for the occasional identification of the 



ABNER W0L7 


55 


inoculation tract in the in tra cerebrally infected animals The spleen showed moder 
ate enlargement m some of the animals, and the lungs were at times congested. Oc 
casionally the liver was pale, and in one intravenously inoculated animal, it was 
yellowish in color 

Histological Findings — 

Spinal Cord — The spinal cord was found to be the nte of histopathologic*! changes 
in fifty of the fifty -six mice. The an mice whose spinal cords proved to be negative 
will be discussed below Of the fifty mice with positive findings, eighteen had been 
inoculated in tra cerebrally, twelve intravenously, nine Intrapentaneally, and three 
subcutaneously, while four each had been infected by gavage and nasal instillation. 
The lumbar and sacral segments were involved forty five times, the thoracic segments 
and the cervical region thirty-six times One or both anterior horns showed abnormal 
changes at many levels of the spinal cord m each animal listed as positive, while the 
posterior horns were less often mvolved Even in those mice in which the lesions 
were most severe, there were many levels at which no abnormalities were found In 
addition to being the most frequent site of lesions the lumbar cord was also the region 
where they were most severe. They were classified as 4 -f- in four animals, as 3 + 

in ten, as 2 -f in ten, and as + m nine, while thirteen were H — and ■] The 

cervical cord although frequently Involved, was less often implicated than the lum 
bar region. The majority of the lesions were approximately of the same seventy as 
those at the lower level, but the most severe did not attain the intensity of the worst 
in the lumbar segments. Four mice showed 3 4- lesions of cervical segments, ten 

2 *F lesions nine +, and thirteen -i — or H The changes m the thoracic region 

were relatively infrequent and also milder in degree. Only two mice showed 2 -f- 
lesions, while the other five had lesions of lesser severity 

Where the anterior horns were most severely affected, all of the grey matter was 
involved in its entire dorsoventral extent with some extension into the bases of the 
posterior horns (Fig 1) In the majority of Instances, only a part of a given anterior 
hom showed abnormalities and these were usually in the ventral half of the hom 
Where the lesions were least developed, they were at times co nfin ed to the ventral 
margin of the anterior hom 

The outstanding feature of the histopathology in the anterior horns was the de- 
generation of the nerve cells (Fig 1) On the average, one half or less of the ganglion 
cells were destroyed or were undergoing necrosis while the proportion ranged roughly 
from an Involvement of one-tenth to m total disappearance of the neurocytes The 
evidence of nerve cell injury ranged from mild changes, such as diffuse or central 
fragmentation of Nlssl substance, to total disintegration of the cell (Fig 2) The 
chromatolysis was of varying degree and was accompanied by a swelling of the cell 
and often eccentricity or margination of the nucleus with final extrusion Some cells 
had lost their Nlssl substance, but had retamed a centrally placed nucleus The 
cytoplasm and nuclei of these cells showed varying degrees of loss of staining power, 
the increasing pallor being climaxed by complete fading out of the cell without frag 
mentation. The cytoplasm of other ganglion cells was coarsely or finely vacuolated 
or reticulated in addition to showing tigrolysis, and occasionally became coarsely 
granular The nude! at times showed irregular corrugation or crenatkm of their 
membranes with clomping of their chromatin Occasionall y the oxy chromatin 
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became prominent or the nucleoli were eccentric or were extruded Shrinkage of the 
nerve cell body was often associated with a total loss of Nissl substance, homogeneous 
cytoplasm which was deeply stained (eosinophilic m the hematoxyhn-eosm stain), 
and shrunken central nucleus m which the chromatin material had completely coal- 
esced into a solid, deeply staining oval mass in which the nucleolus could no longer be 
discerned Intracellular neurofibnls m such heavily damaged necrotic cells were 
found to be extensively fragmented and the fragments swollen and distorted, and 
often neurofibnls could not be stained In other nerve cells which gave evidence of 
lesser degrees of injury, the neurofibnls were often surprisingly well preserved, al- 
though coalescence, swelling, and tortuosity of the fibrils were occasionally seen 
Swelling and distortion of dendntes, axones, and of myelin sheaths related to the 
degenerating ganghon cells were observed 

The inflammatory reaction was usually mild and relatively inconspicuous (Fig 1) 
There was perivascular infiltration by lymphocytes, large mononuclear cells, and 
polymorphonuclear leucocytes The cells in the Virchow-Robin spaces were not 
ordinarily numerous and often fewer in number than those located interstitially m 
the parenchyma of the involved anterior horn In addition to being present in the 
affected grey matter, similar perivascular infiltration was encountered on radu, 
extending from the affected grey matter into the adjacent anterior and lateral white 
columns (Fig 1) Occasionally near the pomt of emergence of an anterior, or entry 
of a posterior, root, a tmy focal area of edema and polymorphonuclear infiltration 
was encountered in the white matter The diffuse parenchymal infiltration was 
somewhat more marked, and most often restricted to that portion of the anterior 
horn showmg nerve cell degeneration (Fig 1) Here lymphocytes and polymorpho- 
nuclear leucocytes were found near the damaged ganghon cells Where the injury 
was obviously great and cell death had occurred, polymorphonuclear leucocytes 
were at times gathered at the cell membrane indenting it or lying m deep hollows in 
the cytoplasm In some instances, the nerve cell, its nucleus gone and its cytoplasm 
granular, swarmed with polymorphonuclear leucocytes which permeated its disin- 
tegrating body (Figs 2 and 3) A s imil ar mild inflammatory reaction was observed 
m the leptomcnmges in the ventral sulcus (Fig 1), and over the ventral and ventro- 
lateral aspects of the spinal cord, and rarely over its dorsolateral and dorsal surfaces 
At times, it was very' sparse or absent, and rarely it was moderate m degree. Lympho- 
cytes, large mononuclear cells, and lesser numbers of polymorphonuclear leucocytes 
were present m the subarachnoid space and pia 

A moderate microglial reaction was present in the affected areas of the anterior 
horns in the majority of a nimals (Figs 4 and 5), and in some instances, this was 
marked In general, it paralleled the ganghon cell degeneration, lagging behind it. 
There might, however, be some dissociation so that the microglial activation out- 
stripped the nerve cell destruction The microglial cells beca m e hypertrophied and 
multiplied Their bodies became elongated, their processes shortened, coarsened, 
and irregular, and their nuclei lengthened and slender, and often curved or irregularly 
smuous (Fig 5) Conversion mto hpoid-laden phagocytes, so called compound 
granule or gitter cells, was rarely observed in this group of animals The penneuronal 
proliferation of these elements about a degenerating nerve cell, known as satelhtosis, 
was not common, although regularly observed The same was true of their presence 
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m clusters within indentations and hollows in the cytoplasm of a necrotic nerve 
cell, participating m the process of neuronopbagia 

The astrocvtes within a zone of degenerating nerve cells showed a minimal reaction 
They became hypertrophied, their nuclei becoming more prominent, their cyto- 
plasm increased m amount, and their processes were more numerous This was al 
ways slight but was more frequent at the margins of the anterior horn near its junc 
tion with the white matter Rarely the capillaries in an affected zone showed 
endothelial hyperplasia The endothelial cells increased in number their cyto- 
plasm became more abundant and their nuclei plumper Congestion was not com 
mon, and mild when present, and edema of the tissues even rarer They were 
associated only with the severer lesions 

Reference has been made to six mice of the total of fifty six in which no cord 
lesions were found- The observations in only three of these are considered signifi- 
cant the cord examination in the other three being incomplete In view of the 
absence of lesions at man) levels of the spinal cord in animals found to have lesions 
at other levels the possibility is given that lesions were missed in these three. 

Medulla — The medulla was involved in thirty five of the fifty six mice, fourteen 
having been inoculated Intnicerebrally three intravenously, eight lntrapentoneally, 
and five subcutaneously, while four were infected by gavage and one by nasal in 
stillation The lesions were of 4 + seventy in one, 3 + m two 2 + in eleven -f in 
thirteen and + and -1 m eight 

These were marked chief!) by foci of moderate pen vascular and diffuse Infiltra 
tion by lymphocytes and polymorphonuclear leucocytes and by moderate microglial 
proliferation Ganglion cell necrosis was rare and milder degrees of ganglion cell 
degeneration were common, but still relatively infrequent Congestion edema and 
capillar) changes vaned but were rarely conspicuous Astrocytic reaction was 
virtually lacking except in the few severer lesions. The lesions occurred most fre 
quently m the dorsal grey masses m the floor of the fourth ventricle and m the retie 
ular formation. Leptomenfngeal Infiltration like that in the spinal leptomeningei 
was quite mild and occurred in the ventral midline and dorsolaterally especially 
near the lateral angle of the fourth ventricle. 

Pons — This portion of the brain stem was the site of lesions in thirty three mice, 
of whom, eleven were inoculated in tra cerebrally sev en intravenously five intrapen 
toneally, and four subcutaneously while five were infected by gavage and one by 
nasal instillation The changes were for the most part moderate in degree and 
number In one instance the lesions were 4 -f in five 3 + in twelve 2 +, in six +, 

and in nine + — and -f Here again, as in the medulla, lesions were most 

frequent In the grey matter m the floor of the fourth ventricle and In general in the 
dorsal half of the pons. They were often conspicuous at one lateral angle of the 
fourth ventricle and in the reticular substance Their general nature was similar 
to that m the anterior horns with the difference that in general nerve cell degenera 
tion although present, was not as conspicuous In some fod It might be intense, 
but usually the diffuse infiltration by lymphocytes and polymorphonuclear leuco- 
cytes the microglial activation and the perivascular infiltration overshadowed the 
ganglion cell changes. Congestion and edema vaned as in the spinal cord and 
were usually relatively mild Leptomenfngeal infiltration by lymphocytes and 
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polymorphonuclear leucocytes occurred ventrally and near the lateral angles of the 
fourth ventricle 

Cerebellum — This structure was involved in twenty-six mice Eight were inocu- 
lated intracerebrally, seven intravenously, five mtrapentoneally, and three each 
were infected by gavage and nasal instillation The lesions were comparatively few 
m number and moderate in degree In four mice, they were of 3 + intensity, in 

seven 2 +, m nme +, in six -J and H They were located in the tectal 

nuclei and focally in the folia, involving the molecular and Purkinje cell layers (Fig 9) 
The histological character of the lesions was m general s imila r to that described in 
the other grey masses Ganghon cell necrosis was seen somewhat more often than 
m corresponding lesions in the brain stem 

Mtdbram — This portion of the brain stem contained lesions m nme mice Five 
were inoculated intracerebrally, three intravenously, and one subcutaneously The 
lesions were few and scattered, and were more often dorsal than ventral The in- 
flammatory changes, perivascular and leptomenmgeal, usually predominated and the 
ganghon cell degeneration was rarely severe 

Hypothalamus — This area of the cerebrum was affected m eighteen mice Six 
were inoculated intracerebrally, one intravenously, two mtrapentoneally, and one 
subcutaneously, while five were infected by gavage and three by nasal instillation 
The intensity of the changes were 4 + in one, 3 + in three, 2 + in three, -f m four, 
and + or -1 in seven They were thus for the most part mild and were mod- 

erate in number Their histological character was similar to that of the midbram 
lesions 

Thalamus — This locus was the site of lesions in thirty-three mice Ten were 
inoculated intracerebrally, five intravenously, seven mtrapentoneally, and three 
subcutaneously, while five were infected by gavage and three by nasal instillation 
The lesions were 4 + m three mice, 3 -f- in five, 2 -1- in thirteen, + in eight, and 

+ — and -1 m four The majonty of the lesions were, therefore, of moderate 

number m individual mice These occurred more often m the dorsal than m the 
ventral portions of the thalamus and more frequently near the midlme than laterally 
The changes were predominantly diffuse and perivascular infiltration by cells like 
those seen elsewhere with associated microglial proliferation and relatively little, if 
any, ganghon cell degeneration Such nerve cell changes were found principally in 
those intracerebrally inoculated animals m which the inoculation tract reached the 
thalamus 

Corpus Striatum — This zone was mvolved m twenty-two mice Six each were 
inoculated intracerebrally and intravenously, two mtrapentoneally, and three sub- 
cutaneously, while four were infected by gavage and one by nasal instillation In 
six instances, the lesions were 3 m six 2 +, m six +, and m four -f — in intensity 
The changes vaned, therefore, from mild to marked but were chiefly of the inflam- 
matory and reactive microglial type with relatively few ganghon cell changes Al- 
though occurring m many animals, lesions were few m any single animal and often 
unilateral 

Cerebral Cortex — The cerebrum was subdivided roughly into thirds in its rostro- 
caudal extent m recording the distribution of lesions The changes in the olfactory 
centers, referred to below, were separately noted Lesions of the pre- and post- 
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central areas of the anterior third of the parietal area and of the parorbital, anterior 
limbic, and prclimbic areas were listed under anterior third of the cerebrum lesions 
of the posterior two-thirds of the parietal area and of the superior temporal pos- 
terior limbic paracentral, and insular areas were listed as located m the middle 
third of the cerebrum, and lesions of the retrosplenlal occipital, middle and inferior 
temporal, and calcarine areas as occurring In the posterior third of the cerebrum. 

Anterior Third of Cerebrum —In spite of the fact that evidence of the inoculation 
tract, in the intracerebrally inoculated animals was encountered more than twice 
as frequently in the posterior third of the cerebrum as in the middle and anterior 
thirds combined the last was the most frequent site of severe lesions The anterior 
third of the cerebrum was involved in thirty-one mice of which thirteen had been 
inoculated intracerebrally nine intravenously , four mtra peritonea liy, and one sub- 
cutaneously while two each had been infected by gavage and nasal Instillation In 
twelve the changes were of 4 + intensity in twelve 3 + in four 2 + and in three 
+ or — the average severity of the lesions being greater than that of those in the 
middle and posterior thirds of the cerebrum The lesions were nearly always bflat 
era I and more marked on one side. The ganglion cell changes the diffuse, perivas- 
cular, and leptomenmgeal Infiltration the microglial reaction and the other features 
of the pathological process were m general similar to those seen in the anterior horns 
of the spinal cord (Fig 6) Here again ganglion cell necrosis predominated, while 
the reactive inflammatory and glial changes were usually less Intense and the lepto- 
menmgeal infiltration was secondary and focal. 

Middle Third of Cerebrum — This area of the cerebrum was invohed in twenty 
nine mice. Twelve of these animals had been inoculated intracerebrally six in 
t ravenously , four Intrapcntoneally and one subcutaneously while three each had 
been infected by gavage and nasal instillation In three mice the lesions were of 
4 + intensity, in eleven 3 +, In eleven 2 -f and in four -f Although these lesions 
were fairly severe, on the average they were definitely less so than those in the an 
tenor third of the cerebrum They were ordinarily bilateral and usually more In 
tense on one side Their histological characteristics were like those described In the 
antenor third of the cerebrum. 

Posterior Third of Cerebrum —This portion of the cerebrum was affected in twenty 
four mice, of which eleven were inoculated intracerebrally five intravenously, one 
Intraperitoneally and two subcutaneously, while three were infected by' gavage and 
two by nasal instillation. In ten of these mice the lesions were of 4 + intensity', 

In four 3 +, five 2 +, three +, and m two + and H The inoculation tract 

as noted above was very frequent in this area m the mtra cerebrally' inoculated anl 
mals, and was associated with the severest lesions, predominating on one side. The 
histological features of the lesions were essentially similar to those seen elsewhere in 
the cerebrum often with the additional changes characteristic of a recent puncture 
wound of the brain. 

Rhtnencephalen — Under this designation are included ganglia olfactona, tuber 
cula olfactona septal area, amygdaloid nuclei, and hippocampi This region was 
involved in fifty-one mice of which sixteen had been inoculated intracerebrally, 
eleven intravenously eleven intrapcntoneally, and three subcutaneously while six 
were infected by gavage and four by nasal instillation Thirty mice showed lesions 
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of 4 + intensity, fourteen of 3 +, three of 2 -f, two of +, and two of 4 The 

lesions were, therefore, very severe in the majority of the a nimals and this region 
was most regularly involved The histological character of the changes was like 
that in other portions of the cerebrum with ganglion cell degeneration markedly 
predominating (Fig 7) 

Olfactory Bulbs — Unfortunately, the olfactory bulbs were not examined m each 
mouse They were studied in twenty-one mice of which two were inoculated in- 
tracerebrally^ four intravenously, six mtrapentoneally, and two subcutaneously, 
while three were infected by gavage and four by nasal instillation Nineteen of these 
twenty-one mice had lesions m their olfactory bulbs One of the intravenously, and 
one of the mtrapentoneally inoculated animals were free of such changes The le- 
sions were of 4 + intensity in twelve animals, 3 + in three, 2 + in three, and + in 
one The changes were of considerable seventy, therefore, m the majonty of the 
animals, including all of the intranasally infected, and some of each of those infected 
by each of the other routes In three instances, m the two mtracerebrally and one 
mtrapentoneally moculated mice, the lesions were isolated and unilateral In most 
instances, however, the lesions were widespread and mvolved the glomerular, external 
granular, gelatinous, and mitral layers, and the external portion of the internal 
granular layer (Fig 8) When the changes were less severe, they affected only the 
outer layers, the glomerular and external granular laminae for instance or the in- 
ternal granular layer alone The nature of the histological abnormalities was simdar 
to that described under rhinencephalon, the ganglion cell changes predominating 

Other Organs — The lungs were moderately congested in six of the fifty-six mice, 
the spleen showed congestion of its pulp and moderate numbers of polymorphonu- 
clear leucocytes m its sinuses m ten, there were focal necroses of the liver in one mouse, 
and a fatty liver in another, an aspiration pneumonia in one, and acute gastric ulcers 
in one animal These findings in other organs were obviously secondary or unrelated 
to the lesions m the central nervous system No definite changes were detected in 
the lymphoid tissues that could be confidently related to the disease 

In reviewing the histopathological findings in the mice, it is clear that 
although a poliomyelitis of varying degree is constantly present, a polioen- 
cephalitis definitely overshadows it The regular involvement of the 
anterior horns at either the lumbar or cervical enlargement or both is 
striking, but the average severity of the lesions and the frequency of 
mvolvement falls below that noted for the cortex m the anterior third of 
the cerebrum, m the rhinencephalon, and in the olfactory bulbs As has 
been noted above, there are no outstanding differences m the distribution 
of the lesions at the late stages of the infection that can be correlated with 
the varying portal of entry This will have to be investigated further in 
animals examined during preparalytic stages of the infection The his- 
topathological changes seen in the anterior horns are dominated by gan- 
gbon cell degeneration which on the average affects approximately half 
of the neurones, while the inflammatory reaction, perivascular, diffuse, 
and leptomeningeal and microglial activation are usually mild or moderate, 
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and congwtion and edema are mild The progressive diminution m gan 
glion cell involvement as one ascends the central nervous system is re 
versed in the cerebral cortex and olfactory centers and the relative degree 
of involvement or participation of the various elements m the process 
reverts to that observed in the anterior horns The significance of this 
observation will be discussed later 

Observations on Guinea Pigs 

Recently Jungeblut and Sanders (1941, 1942) (6, 8) succeeded m estab- 
lishing the above m urine virus in guinea pigs and in maintaining the in 
fection in senes Transmission of the infection from mouse to guinea pig 
succeeded by intracerebral, intraperitoneal, intravenous, and subcutane 
ous routes, while senal passage from guinea pig to guinea pig is as yet 
successful only bj intracerebral inoculation Smgle passages from guinea 
pig to guinea pig succeeded a few times by intravenous inoculation of 
brain and spinal cord The effective dose of the munne virus for intra 
cerebral inoculation of guinea pigs was Via cc. of a 10 per cent suspension 
of mouse brain, 1 while mtrapentoneally, subcutaneously, and mtrave 
nously, 1 to 2 cc were necessary In transmission from gumea pig to 
guinea pig, by the intracerebral route, ‘/a cc 1 of a 10 per cent suspension 
of mixed brain and spmal cord was effective, while the few times that m 
travenous inoculation succeeded 1 cc was used The incubation period 
was approximately 2 to 4 days A preparalytic fever terminated when 
flaccid paresis of the hind limbs supervened This was sometimes more 
marked on one side There was rapid progression to complete flaccid 
paralysis of the hind limbs, while the animal r em ained alert and appar 
ently well otherwise Its fur remained sleek and it often moved along 
briskly by the active use of its forelimbs while the hind limbs dragged 
behind Weakness of one or both forebmbs at times followed, and occa- 
sionally there was slight intermittent tremor of the head Complete 
flaccid paralysis of one or both forelimbs might develop, respiratory dif 
ficulty occurred, and the animal became prostrated and died m from 5 to 
8 days More recently, the course of the infection in serial gumea pig 
passages became more rapid so that the animals died m from 3 to 5 days 
Partially paralyzed animals have recovered 

Methods — The guinea pigs were killed by chloroform and their brains, spinal cords, 
and other organs were removed at once and fired in 10 per cent fo rm a l in The sub- 
sequent handling of the tissues was similar to that employed for the mice. In the 
study of the neural lesions, their approximate position and seventy was noted and the 
intensity graded in the same manner as described for the mice. 

Material— ~A group of sixteen guinea pigs were studied histologically Of these, 

1 On occasions, dilutions of 1 500 have been effective. 
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eight were inoculated mtracerebrally with Vio cc of a 10 per cent mouse brain sus- 
pension of the 72nd or a subsequent serial passage of munne poliomyelitis virus, one 
was inoculated intrapen toneally with 2 cc of a similar 10 per cent mouse brain sus- 
pension, one was inoculated subcutaneously with 2 cc of a 10 per cent mouse brain 
suspension, four were inoculated mtracerebrally with Vio cc. of a 10 per cent suspen- 
sion of mixed guinea pig brain and spinal cord, and two were inoculated intravenously 
with 1 cc of a similar suspension The animals were sacrificed between the tub e 
of development of a complete flaccid paralysis of the hind limbs and the occurrence 
of prostration 

In this late stage of the disease, the pathological findings were m general s imilar , 
except for the supervention of a separate, clearly distinguishable additional toxo- 
plasmic infection m the two guinea pigs which had been inoculated intravenously 
with a cavian strain Their spinal cord and some of their brain stem lesions were in 
all respects similar to those to be described below in the remaining fourteen guinea 
pigs and clearly due to the transmitted virus These two animals will be reported 
upon separately elsewhere 

Gross Findings — Except for evidence of the inoculation tract, no gross abnor- 
malities were noted in the brain or m the spinal cord The spleen was slightly 
enlarged in three animals The lungs were mildly congested in three guinea pigs and 
considerably so in three In the last group of animals, there were small, slightly 
raised, lighter colored areas on the cut surfaces of the lower lobes 

Histological Findings — 

Spinal Cord — The spinal cord was the site of lesions in all fourteen guinea pigs 
The lumbar and sacral segments were mvolved in each, the anterior horns always 
being affected, while the posterior horns showed abnormal changes in all but one 
The intensity of the lesions m the anterior horns in this region was 4 4- in ten ani- 
mals, 3 + in three, and 2 4- in one, while in the posterior horns, they were consid- 

erally less marked, being 4 + in one, 3 + in two, 2 + in five, + in two, and 4 

and + in three 

The thoracic segments were mvolved m rune guinea pigs, the anterior horns being 
affected in each, and the posterior horns m five The intensity of the lesions in the 
anterior horns was 4 + in four, 3 + m two, and 2 + m two, while in the posterior 
horns, it was 4 + in two, 3 + in one, and + in two Thus, although the abnormal 
changes were less frequent m the thoracic region, they were of the same order of 
seventy as in the lumbosacral segments The postenor horns were relatively less 
frequently mvolved in this region and again the lesions were less intense on the 
average than in the antenor horns 

The cervical segments were mvolved in all fourteen guinea pigs, the antenor horns 
bemg affected m each and the postenor horns in twelve The seventy of the changes 

m the antenor horns was 4 + in ten animals, 3 + m three, and 4 in one, while 

m the postenor horns it was 4 4- m three animals, 2 + m five, 4- m two, and 4 

in two The lesions were, therefore, similar in frequency, distribution and intensity 
in this region to those in the lumbosacral portion of the spinal cord 

The antenor horns showed abnormal changes throughout then entire dorsoventral 
extent where the lesions were most severe (Figs 10, 11, and 13) and at corresponding 
levels the postenor horns might exhibit equally intense changes throughout or in their 
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ventral two-thirds. It was more often the case that the ventral half or less of the 
given posterior horn was affected, and that the lesions were much less intense. Where 
the anterior horns were only partially affected, only the ventral extremities of the 
posterior horns might be involved or they might be free of lesions At some levels 
only one anterior horn was mvolv ed (Fig 10) 

The moat conspicuous feature of the process in the anterior horns was the degen 
eration of the nerve cells (Figs 10, 13, 14, and 17), and where this was most severe 
they might completely disappear (Fig 13) More often from one half to two-thirds 
of the neural elements were found in varying stages of degeneration, while the ie 
mainder might be remarkably well preserved The details of the ganglion cell 
changes were essentially like those observed m the anterior horns of the spinal cord 
in the mice, and, therefore will not be described further Necrosis of ga ngli on cells 
occurred as well in the posterior horns, chiefly in them ventral portions, but was much 
less frequent there. In one guinea pig of those inoculated in tra cerebrally single or 
multiple round eosinophilic intranuclear bodies somewhat smaller than the nu 
cleolus were found in some of the ganglion cells (Fig 18) There was no margins 
tion of the chromatin 

Although the mfiommatery reaction was moderate, it was definitely more advanced 
than m the mice Both the perivascular and diffuse infiltration were more florid 
(Fig 13) the latter more so than the former Lymphocytes, large mononuclear 
cells, and polymorphonuclear leucocytes were present m the perivascular spaces 
(Fig 21) in variable numbers In the anterior horns and in the affected portions of the 
posterior horns and in the latter they might overshadow the ganglion cell changes. 
Similar perivascular infiltration was found Irregularly and to a minor degree m the 
white col umns near the involved portions of the grey The diffuse infiltration con 
sisted of lymphocytes and polymorphonuclear leucocytes (Figs. 14 16, and 17), 
and more dosely paralleled but always lagged behind the nerve cell changes. Poly 
morphonuclear phagocytosis of nerve cells similar to that described in the mice was 
frequent (Figs. 15 and 16) Leptomemngeal t nfiUrahon was quite mild and was usu 
ally ventral, mduding the ventral sulcus (Fig 12) In places, it was also seen in the 
dorsal and dorsolateral portions of the leptomenmgea as welL It was chiefly lympho- 
cytic In type (Fig 20) with variable numbers of polymorphonuclear leucocytes and 
large memonndear cells. 

The microglial reaction was similar in type to that observed in the mice but was 
in general much more marked in degree (Fig 17) It always paralleled the ganglion 
cell degeneration and at timw passed beyond it m intensity In such instances, 
the celluianty of the involved anterior horns was greatly Increased the wdter of 
lymphocytes, polymorphonudear leucocytes and hypertrophied microglial cells being 
dominated by the latter Where the changes were severest, there occurred a mod 
crate conversion of microglia into lipoid laden phagocytes, or compound granule 
cel hi This was more frequent and more conspicuous than m the mice, but never 
massive. These phagocytes were encountered In the perivascular spaces in varying 
numbers in such lones. Glial sat elli tons and neuronophagut was often observed 

(Fig !V) 

Astrocytes exhibited the same minimal reaction described in the mice. Where the 
lesions were severest, moderate congestion and co n sid e rable edema migh t be observed 



64 


RODENT POLIOMYELITIS TV 


(Fig 13) and these were on the average greater than was usually seen in the mice 
Occasional small recent hemorrhages were encountered in some of the more in- 
tensely involved anterior and posterior horns Mild endothelial hyperplasia of the 
capillaries was seen with a fair degree of regularity in the affected grey matter 

Medulla — The medulla was the site of lesions m two of the fourteen guinea pigs 
These were small, scattered and few in number They were marked chiefly by pen- 
vascular and, at times, associated focal leptomeningeal infil tration by lymphocytes, 
and less frequently, fewer large mononuclear cells and polymorphonuclear leucocytes 
Rarely similar cells were seen in the nearby parenchyma Ganglion cell degenera- 
tion and microglial activation were lacking In two additional guinea pigs, there 
were mild focal areas of leptomeningeal infiltration ventrally and laterally without 
the presence of parenchymal lesions 

Pons — In two guinea pigs, moderate to marked focal lesions were encountered, 
chiefly in the dorsal portion of the tegmentum Their essential histological features 
were similar to those of the changes observed in the anterior horns with the difference 
that ganglion cell degeneration was not nearly as prominent There was mild ven- 
tral and dorsal ventrolateral infiltration of the leptomemnges of the same character 
seen about the medulla 

Cerebellum — None of this group of fourteen guinea pigs showed any changes m 
the cerebellum 

Midbram — Three guinea pigs exhibited lesions in this portion of the brain stem 
These were few m number, mild m degree, bilateral, chiefly dorsal, and of the same 
character as in the medulla Perivascular infiltration by lymphocytes was their 
chief characteristic and when they were near the surface there was an associated 
focal leptomeningeal area of infiltration In four additional guinea pigs, mild or 
marked leptomeningeal infiltration by lymphocytes and occasional large mono- 
nuclear cells and polymorphonuclear leucocytes were seen on the ventral surface of 
the midbrain 

Thalamus — Four guinea pigs showed scattered and limited lesions in the anterior 
and postenor portions of the dorsal aspect of the thalamus near the rmdlme These 
were unilateral in three animals, and associated with the inoculation tract in one. 
Three were of + intensity and one was 2 + Ganglion cell degeneration, ex- 

cept as associated with the inoculation tract, was absent Mild perivascular and 
diffuse infiltration by lymphocytes and occasionally polymorphonuclear leucocytes 
and a somewhat more marked microglial proliferation were their essential features 

Hypothalamus — No strictly hypothalamic lesions were encountered in this group 
of guinea pigs 

Corpus Striatum — This portion of the cerebrum showed limited involvement in 
three anim als In two, the lesions were associated with a portion of the inoculation 
tract, were un-lateral, and were of 4 + and + seventy respectively, while in the third 
they were of 4- intensity Their chsracter was similar to that of the lesions desenbed 
in the thalamus 

Cerebral Cortex — The same rough subdivision into thirds in recording the distn- 
bution of lesions desenbed for the mice was employed for the guinea pjgs 

Anterior Third of Cerebrum — The cortical areas in this portion of the cerebrum 
contained lesions (Fig 19) in five guinea pigs These were of 4 + intensity in two, 
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3 + in one. The}’ were associated with an inoculation tract in three nnrmnln and 
were relatively few in number In two, the lesions were bilateral. Ganglion cell 
degeneration was present In these lesions, but was usually mild. In a few, it was 
severe. The accompanying inflammatory reaction consisted of moderate and some- 
times marked pen vascular and diffuse infil tration by lymphocytes and, at times, 
polymorphonuclear leucocytes. The microglia hyper tr ophied and multiplied, and 
this change was at times quite marled. 

Middle Third of Cerebrum — 'The cortical areas in this zone were affected in seven 
guinea pigs. Three showed lesions of 3 + intensity one of 2 +, one of +, and two 
of + — In three the lesions were bilateral and in four they were associated with 
the inoculation tract. In general, they were even fewer in number and of lesser 
seventy than those in the an tenor third of the cerebral cortex but had similar his- 
tological features 

Posterior Third of Cerebrum — This zone of the cortex was involved in six animals 

which showed lesions of 4 + intensity in three and + seventy in the three 

others The lesions were all unilateral and associated with an Inoculation tract in 
three guinea pigs. They were limited in number and extent and in the three m 
stances in which they were very mild, consisted essentially of slight leptomenlngeal 
and nearby cortical perivascular infiltration by lymphocytes. The severer lesions 
In the remaining three animals resembled the more intense, but limited changes 
described in the anterior third of the cerebrum. 

RJnnencepkalon —Lesions were present m seven animals all intraccrebrally inocu 
lated. In two, these were confined to the hippocampi. Four had only unilateral 
lesions Three of these showed lesions of 4 + intensity and were associated with the 
inoculation tract. Of the remainder, one had lesions of + seventy one of -f- — 

and three of + Except In the severest lesions, ganglion cell degeneration was 

absent or minimal and the changes were inflammatory and gliaL 

Olfactory Bulbs — The olfactory bulbs were examined m rune guinea pigs They 
contained no lesions in seven animals, unilateral isolated 4 -f lesions in one animal, 
and a few unilateral 2 4- lesions in another In each of the affected an im al s the 
lesions were near the posterior extremity of the bulb and the gelatinous, mitral, and 
internal granular layers were Involved, particularly the last Perivascular and 
diffuse infiltration by lymphocytes and microglial reaction were associated with 
little or no ganglion cell degeneration. 

Other Organs — The spleen showed congestion of the pulp and moderate numbers 
of polymorphonuclear leucocytes in the sinuses in three guinea pigs. In three am 
mala there was mild pulmonary congestion and in three others this was severe and 
associated with a lobular pneumonia No lesions were found in thp kidneys 

A review of the histopathological findings m the central nervous system 
in the guinea pigs leads to the conclusion that one is dealing with an 
intense poliomyelitis with which is associated a minor degree of meningo- 
encephalitis The lumbar and cervical enlargements of the spinal cord 
are markedly involved in every animal, the anterior horns being the site 
of the severest lesions, while the posterior horns are frequently but mod 
erately affected Ganglion cell degeneration is the chief feature of the 
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process, often involving one-half to two-thirds of the neurones, and not 
infrequently all of them The inflammatory reaction, perivascular and dif- 
fuse, is mild or moderate in degree and the associated leptomemngeal infiltra- 
tion is similar m type and limited m extent and location Congestion and 
edema are usually mild or moderate, but they may become quite intense, 
particularly m the latter, and may be associated with small, fresh hemorrhages 
Microglial activation is usually marked and at times very extensive In 
general, there is a progressive diminution m the seventy and number of the 
lesions as one ascends the central nervous system Ganghon cell degeneration 
becomes progressively less prominent as one passes cephalad and the changes 
are essentially inflammatory and ghal The increase in the frequency and 
seventy of the lesions m the cerebrum as compared to the brain stem is asso- 
ciated with, and principally confined to, the area of inoculation The olfac- 
tory bulbs show only isolated lesions m two of the rune animals in which they 
were examined In contrast to the mice, the cerebellum is not involved 

DISCUSSION 

Whether the virus of human poliomyelitis has been transmitted from the 
monkey to rodents cannot be decided solely from a study of the pathologic 
changes in the central nervous system of the latter One difficulty is the 
possibility that different species may react m different ways to the same virus 
Another is that the types of reaction of the neural, neuroglial, and their asso- 
ciated mesodermal structures are rather hmited and hardly specific for more 
than a very few conditions Only through the biological evidence can a 
final conclusion be reached However, with these reservations, the histology 
and localization of the lesions can offer corroborative evidence for the identity 
of the rodent disease with human poliomyelitis 

Comparison of Lesions Induced in Mice by the JS, Armstrong, and Thaler 

Viruses 

In the mouse, infected under the conditions herein described, one is dealing with 
a meningoencephalomyehtis The encephalitis, particularly in the anterior third 
of the cerebrum, including the olfactory centers, definitely outweighs the myelitis 
m extent and gravity The latter, however, is distinctly marked by being a poli- 
omyelitis with preferential localization m the anterior horns A companson of the 
findings in these mice with those m the mice reported as infected with the Lansing 
strain of poliomyelitis by Armstrong (1, 2), and with those having Theiler’s disease 
as reported by Theder (11) and by Ohtsky and Schlesmger (12) reveals certain simi- 
larities and a number of differences Common to all is a meningoencephalomyehtis 
in which lesions of the anterior horns are a fairly constant feature, though often 
mild or moderate m degree The details of the histopathological process m the an- 
terior horns are essentially similar in each Ganghon cell degeneration is the out- 
standing feature Differences m the degree of inflammatory reaction, microglial 
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activation, and capillary proliferation probably depend upon the differences in 
rapidity of development of the process The J-S vims is quite virulent and infection 
with it leads to death in 2 to 4 days, the Armstrong virus is less virulent, and mice 
often live longer than a week while most strains of the Thefler virus do not produce 
paralysis till 4 days or more after inoculation. The absence of lesions in many seg 
ments of the spinal cord is noted both in the Armstrong and the present Jungeblut 
Sanders group of animals The spinal cord lesions are more frequent at the cervical 
level in the Armstrong group, and at the lumbar level m the J-S mice. Polymorpho- 
nuclear leucocytes are, perhaps more frequent m the anterior horn lesions in the J-S 
animals than m those of either of the other two groups, and neuronophagia possibly 
somewhat more common in this group and the Armstrong group than m the Theiler 
mice. 

The brain stem shows lesions m approximately three fifths of the Jungeblut 
Sanders mice, but the degree of ganglion cell degeneration is much less than that in 
the an tenor horns of the spinal cord The medulla and pons are about equally 
involved, the dorsal areas and reticular formation most cammonlj The midbrain 
is relatively infrequently affected. In the Armstrong mice, the brain stem is involved 
in nearly all the animals and the lesions show a similar distribution. This difference 
in frequency may agam be dependent upon the more rapid course of the infection 
with the J-S virus In general, the brain stem distribution of the lesions in the 
Theiler mice as described by Ohtsky and Schlcsmger (12) follows the same pattern 
given for the other two and the histological changes arc of similar type m all three 
with neuronal degeneration being present but not prominent 

In the J-S mice the cerebellum is involved in approximately half the animals, 
both the tectal nuclei and cerebellar cortex being affected. The lesions are moderate 
m degree and Include somewhat more ganglion cell degeneration than do those of the 
brain stem. This is m contrast to the Armstrong and Theiler mice in which the 
cerebellar lesions are almost wholl> of the tectal nude! and milder in degree, chiefly 
inflammatory and reactive glial 

The hypothalamus is the site of lesions in over one third of the J-S mice. Peri 
vascular infiltration and microglial activation predominates m them This area is 
not separately referred to m the other two senes of mice 

The thalamus is affected In approxnnateI> three fifths, and the corpus stria turn m 
approximately two-fifths of the J-S mice. The lesions are essentially like those in 
the hypothalamus, and less frequent in the corpus etna turn than m the thalamus 
where they are most often dorsal and near the midlrne. Ganglion cell degeneration 
is usually absent or mild except where the inoculation tract enters the area involved 
Thalamic and strata! lesions are of the same type m the Armstrong and Theiler 
mice (Ohtsky and Schlesmger) bat much less frequent 

The cerebral neocortex is severely and extensively involved in three-fifths of the 
J-S mice and the anterior third of the cerebrum is most often hit. Ganglion cell 
degeneration agam becomes quite prominent m this portion of the central nervous 
system m contrast to the findings in the central and basal nuclei of the cerebrum, 
and in the brain stem In the Theiler mice (Ohtsky and Schlesmger), such cortical 
lesions axe present in almost all the animals but neuronal degeneration is apparently 
much less prominent and the lesions are very much fewer The cortex is affected In 
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less than half of the Armstrong mice, and the lesions are again described as infre- 
quent and the nerve cell degeneration as minimal 

The rhinencephalon, including the hippocampi, is affected m almost all of the 
J-S mice, and to a marked degree The seventy of the changes resembles that in the 
neocortex and often exceeds it The hippocampi are descnbed as bemg the structures 
in the cerebrum most frequently involved in the Armstrong mice 

The olfactory bulbs are regularly and often severely involved in the majority of 
the J-S animals inoculated by all the routes listed No such lesions are encountered 
in the Theiler mice studied by Ohtsky and Schlesinger, even m those infected by 
mtranasal instillation and responding by paralysis No data on this point are avail- 
able in the Armstrong senes 

In summary, the pathological changes in the central nervous system of the 
J-S, Armstrong, and Theiler mice are alike in that lesions of the antenor 
horns are fairly constant and similar m type in each, that each is marked by 
a memngoencephalomyelitis and that as one passes cephalad m the central 
nervous system, the frequency of ganglion cell degeneration progressively 
diminished in all (at least up to the cerebral cortex and excepting the cere- 
bellum) They differ m that the J-S mice show much more severe and ex- 
tensive mvolvement of the neocortex, rhinencephalon, and to a lesser degree 
of the cerebellum, while marked lesions are present in the olfactory bulbs as 
compared to a total lack of them in the Theiler mice The greater virulence 
of the J-S virus may be in part responsible for these differences so that with 
a breakdown of local tissue immunity, the given area is overwhelmed This is, 
however, not in consonance with the finding of approximately equal lesions 
m the anterior horns of the spinal cord m all three senes of mice The ques- 
tion of any similanty between the memngoencephalomyelitis m these mice 
and the memngoencephalomyelitis of monkey and man which goes by the 
name of poliomyelitis will be discussed later when the same problem arises 
m relation to the pathological changes m the central nervous system of the 
guinea pig 

In spite of the histopathological similanties between the disease m the J-S 
mice and those havmg Theiler’s disease, it is unlikely that the latter spon- 
taneous disease of mice has been induced m the Jungeblut-Sanders animals 
The differences in virulence of the two viruses, when tested in young mice 
by peripheral routes, or m old mice by intracerebral injection, together with 
the fact that normal adult mouse serum neutralizes Theiler’s virus but not 
the J-S virus, bar such a conclusion 

Comparison of Lesions Induced in Guinea Pigs by the J-S Virus with Those in 
So Called Spontaneous Guinea Pig Poliomyelitis 

Roemer and Joseph (13) (1910) descnbed a presumably spontaneous flaccid paral- 
ysis m 5 per cent of then guinea pig stock, and later Roemer (14) (1911) was able to 
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isolate a virus from these animals but this was lost after ft few passages The latter 
pointed out what he considered to be the similarity of the clinical features of this 
disease to those of human poliomyelitis He summed up the pathological changes 
as “menmgo-mvelocncephahtis of predominantly lymphocytic type. The domi 
natmg change was the meningitis which his illustration of the spinal cord shows to 
have been of considerable intensity The exudate was composed of lymphocytes 
with some polymorphonuclear leucocytes Perivascular Infiltration of the same sort 
was seen m the white matter, while the grey matter also showed diffuse infiltration 
which was particularly marked about the central canal The anterior horns were less 
involved. The ganglion cells were well preserved at first but with the onset of 
paralysis some disappeared and others stained poorly Neuron ophagza was rare 
The lumbar cord was always more Intensely involved than the thoracic or cervical 
regions. The medulla was described as b eing only slightly affected. The cerebral 
leptomeninges both dorsal and ventral, were heavily m filtrated, chiefly by lympho- 
cytes, the ventricles con tamed a similar exudate and there was marked pen vascular 
lymphocytic infiltration in the underlying cortex The author concluded that there 
was a similarity between the pathologic changes in these guinea pigs and those of 
human poliomyelitis. This does not appear to be borne out by the facts he has 
recorded 

Neustaedter (15) (1913) and Picard (16) (1925) reported the occurrence of what they 
interpreted as spontaneous poliomyelitis in guinea pigs which had been in dose prox 
unity to pohomyehtis-infected monkeys. These animals again showed predomi 
nantl> flaccid paralysis of the hind limbs The vims obtained from each group of 
animals was lost after a few passages. An emulsion of spinal cord and in one in 
stance material from the nasal mucosa was used for intranasal instillation m guinea 
pigs by Neustaedter who also claimed to have successfully transmitted the infec 
tk>n from a monkey to a guinea pig and back to a second monkey by nasal instflla 
tion of filtered cord material from the first monkey to the guinea pig and inoculation 
of an emulsion of the brain and cord of this guinea pig mto the second monkey 
Picard inoculated an emulsion of spinal cord of one of his guinea pigs showing spon 
tan ecus flaccid paralysis of the hind limbs intrapentoneally into other guinea pigs 
with the production of a similar picture. Neustaedter briefly described the patho- 
logic changes m his guinea pigs as consisting of mononuclear infiltration of the lepto- 
memnges in the ventral sulcus pen cellular infiltration by similar cells In the anterior 
horns advanced degeneration of antenor horn ganglion cells neuron ophagia, and 
hemorrhages. Pial infiltration by lymphocytes was noted about the olfactory bulbs 
m one of the four guinea pigs examined and m one other, the brain was examined 
and reported free of lesions Picard recorded the pathologic findings m one of his 
guinea pigs m the following abbreviated form only mild infiltration of the blood 
vessels, scattered hemorrhages in the antenor horns and no definite edema Severe 
degeneration of the nerve cells vacuolization, pallor and swelling particularly in 
the motor elements of the antenor horns. Neuronophagia by glial cells is relatively 
slight although occasionally seen.’' No mention was made of the rest of the central 
nervous system 

In the guinea pigs inoculated with the J-S murine virus or submoculated with the 
cavian-passage virus, the his tops thologi cal changes m the central nervous system 
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are marked by a predominant involvement of the spinal cord The antenor homs 
are primarily affected and in them the degeneration of nerve c ells is the outstanding 
phenomenon One-half to two-thirds or more of the neurones are affected and this 
involvement is definitely more marked than m the mice The associated inflamma- 
tory and microglial reactions, particularly the latter are more prominent than m the 
mouse, and congestion and edema are more conspicuous There is a striking de- 
crease in the intensity and frequency of lesions in ascending levels of the central nerv- 
ous system and ganglion cell degeneration diminishes m the same order A detailed 
comparison with the distribution of lesions in the brain in human and simian polio- 
myelitis, as recorded by Bodian and Howe (17) and others, cannot be made until a 
study of preparalytic stages of the infection m guinea pigs has been earned out 

The pathologic changes in the Roemer animals are difficult to evaluate and 
compare In spite of the paucity of recorded findings, the changes in the 
spinal cords of the Neustaedter and Picard guinea pigs show broad resem- 
blances to those in the J-S animals 

Pathologic Evidence Bearing upon the Identity of the J-S Virus 

The investigations of Jungeblut and Sanders lead them to beheve that 
they have transmitted the SK New Haven strain of poliomyelitis virus from 
monkey to cotton rat to mouse and then to guinea pigs The histopathologic 
changes m their mice do not in themselves substantiate this conclusion inas- 
much as the rather constant but mild antenor poliomyelitis is accompanied 
by a severe encephalitis The antenor poliomyelitis, however, is striking 
In spite of the fact that a severe poliomyelitis, in the sense of a marked de- 
generation of neurones with associated inflammation and glial reaction m 
the grey matter of the spinal cord, may occur m mice m certain other expen- 
mental virus infections, such as loupmg ill, vesicular stomatitis, equine en- 
cephalomyelitis, and St Louis encephalitis, there are features which dis- 
tinguish these from the J-S infection 

While the antenor homs of the spinal cord are regularly involved in mice infected 
by the J-S vims no matter what the portal of entry, they are, affected in vesicular 
stomatitis only if the portal be a peripheral one, such as muscle In loupmg 31, the 
constancy of the involvement of the Purkmje cells, which are only secondarily and 
focally affected m the J-S animals, is one of a number of differential points In 
equine encephalomyelitis in mice, the rhmencephahc cortex and hippocampi are 
severely affected as they are in the J-S mice, but the occurrence of intranuclear 
inclusions in the nerve cells in the former serves to distinguish between them The 
greater degree of leptomemngeal infiltration and often of perivascular infiltration 
as well, and the frequency of the perivascular localization of lesions m the mice 
with St Louis encephalitis are differential points 

It is interesting that the antenor third of the cerebrum, in which the motor 
area resides, is most frequently hit by the J-S virus, although m the intracere- 
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brally inoculated animals, the middle and posterior thirds were most often 
injected. This reminds one of the frequency of involvement of the motor 
area in poliomyelitis of monkey and man On the other hand, the constancy 
of involvement of the olfactory bulbs in the J S mice, no matter what the portal 
of entry be, is quite unlike the lack of lesions m these structures in h uman and 
simian poliomyelitis In brief, there is no compelling evidence m the patho- 
logical picture in these mice which would lead one to conclude that they were 
suffering from infection with the virus of human poliomyelitis 
This is not true, however, of the lesions which result from transfer of the 
murine virus to guinea pigs In the guinea pig, the changes m the central 
nervous system are remarkably like those of poliomyelitis of monkey and man 
This similarity persists through repeated transmissions from mouse to guinea 
pig, and in the cavian senes of subinoculations It is most interesting that 
this species change in the character of the lesions in guinea pigs is attended 
by a marked fall m virulence of the virus and occasional transrmssibility to 
monkeys While dilutions of virus of a million or more are effective when 
inoculated in tra cerebrally m mice, ddutions approximating those necessary 
for the infection of monkeys by the virus of poliomyelitis are necessary m 
guinea pigs The distribution and histological details of the lesions in the 
guinea pig approach those of the simian and human disease, poliomyelitis, 
very nearly This is in accord with evidence submitted by Jungeblut and 
Sanders indicating that the SK strain of human poliomyelitis has actually 
been transferred to rodents 


SUMMARY 

A description has been given of the lesions produced in mice and guinea 
pigs by inoculation of the Jungeblut-Sanders virus. The histopathological 
findings, although in themselves not conclusive, would tend to support the 
opinion that Jungeblut and Sanders have transmitted the SK. poliomyelitis 
virus to mouse and guinea pig In mice the virus apparently retains its affinity 
for the anterior horns of the spinal cord, but in a moderate degree Asso- 
ciated with a marked increase m virulence of the virus, a strong affinity for 
the cerebral tissues, more particularly the olfactory centers, develops On 
transmitting this munne variant of the virus to guinea pigs, however, the ong 
Inal character of the virus is again revealed There is a reversion to a pre- 
dominant affinity for the nerve cells of the anterior horns of the spinal cord 
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EXPLANATION OF PLATES 
Plate 1 

Fig 1 Mouse 9 Spinal cord Almost total disappearance of ganglion cells in 
anterior horn of lumbar enlargement Diffuse infiltration of grey matter by lympho- 
cytes and polymorphonuclear leucocytes and mild perivascular infiltration Con- 
siderable microglial proliferation Moderate leptomenmgeal infiltration, ventro- 
laterally and m ventral sulcus Hematoxylm-eosm stain X 110 

Figs 2 and 3 Fig 2, mouse 27, Fig 3, mouse 33 Spinal cord Necrotic nerve 
cells in anterior horns of lumbar enlargement undergoing polymorphonuclear phago- 
cytosis Note pencapillaiy polymorphonuclear leucocytes and lymphocytes in 
Fig 3 and similar mild diffuse infiltration in both Figs 2 and 3 Hematoxylin- 
eosin stain X 460 

Fig 4 Mouse 3 Spinal cord Early microglial proliferation in area of neuronal 
degeneration in anterior horn of lumbar segment Hortega’s silver carbonate stain 
X 460 

Fig 5 Mouse 3 Spinal cord Advanced reactive hypertrophy of microglia 
in zone of nerve cell necrosis in anterior horn of lumbar segment Hortega’s silver 
carbonate stain X 460 





Plate 2 

Fig 6 Mouse 17 Cerebrum — aulcrtor third Tocus of necrosis of cortical gan- 
glion cells with neuronophagia Mild diffuse and leptomeningeal, and mild pen- 
vascular lymphocytic and polymorphonuclear infiltration Hematoxyhn-eosin 
stain 

Fig 7 Mouse 37 Cerebrum Similar lesion to that in Fig 6 with less inflam- 

matory reaction in the hippocampus Hematoxylin eosin stain 

Fig 8 Mouse 59 Olfactory bulb Perivascular and diffuse infiltration by lymph- 
ocytes in internal granular, mitral, gelatinous, external granular, and glomctular 
layers and capsule Loss of nerve cells in all the affected layers Hematoxylin- 
eosin stain 

Fig 9 Mouse 8 Cerebellum Folium showing focal loss of Purhmje cells, dif- 
fuse and leptomeningeal lymphocytic infiltration, and a considerable microglial 
proliferation Hematoxylin eosin stain 





Plate 3 

Fig 10 Guinea pig 5 Spina l cord Cervical segment Total loss of ganglion 
cells in one anterior horn Intense polymorphonuclear and lymphocytic infiltra- 
tion and microglial proliferation Moderate extension of inflammatory and reactive 
glial process into posterior horns Hematoxylin eosin stain 

Fig 11 Guinea pig 9 Spinal cord Ccrucal segment Almost complete loss 
of neurones in one anterior hom Lymphocytic and polymorphonuclear infiltra- 
tion, microglial proliferation, and edema Slight pemascular and leptomemngeal 
infiltration (ventral sulcus) Hcmatoxy'in ecsin stain 

Fig 12 Guinea pig 9 Spinal cord— Cervical segment Changes in antenor hom 
like those in Fig 11 Note mild infiltration of ventral leptomemngps and those m 
ventral sulcus by round cells Hematoxylin ecsin stain 

Fig 13 Guinea pig 9 Spinal cord Lumbar segment Extensile nerve cell 
degeneration in both anterior horns Inflammatory and microglial reactions, intense 
and more marked on one side Considerable edema Mild infiltration of lepto- 
meninges in ventral sulcus 












Plate 4 


Fig 14 Guinea pig 9 Spinal cord Anterior horn of cervical segment Nerve 

cells in vanous stages of degeneration and polymorphonuclear phagocytosis Diffuse 
infiltration by polymorphonuclear leucocytes and lymphocytes Mild perivascular 
round cell infiltration Hcmatoxvhn-eosm stain X 230 

Fig 15 Guinea pig 5 Spinal cord Anterior horn of lumbar segment De- 

generated nerve cells undergoing earlv polymorphonuclear phagocj tosis Note well 
preserved nearby neurone Mild diffuse polymorphonuclear and lymphocytic 
infiltration and slight perivascular round cell infiltration Hematoxylm-eosin 
stain X 460 

Fig 16 Guinea pig 9 Spinal cord Anterior horn of cenncal segment Detail 

of Fig 14 Note advanced polymorphonuclear phagocytosis of necrotic nerve cell 

and partially preserved nearby ganglion cell Polymorphonuclear leucocytes and 
lymphocytes in surrounding tissues Hematoxylin eosin stain X 460 

Fig 17 Guinea pig 5 Spinal cord Antenor horn of lumbar segment De 

generating nerve cell showing satellitosis Diffuse lymphocytic and polymorpho- 
nuclear infiltration and advanced microglial proliferation and early neurophagia 
Hematoxylm-eosin stain X 460 
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DISTRIBUTION OF THE Rh FACTOR IN AMERICAN INDIANS 


By KARL JLANDSTEINER, ALD., ALEXANDER S. WIENER, MJ) and G ALB IN 
MATSON, Pn.D 

{From the Laboratories of The Rockefeller Institute for Medical Research and the Office 
of the Chef Medical Examiner of the City of New York , New York, and 
the Station Hospital, Fort Lcwu, Washington ) 

(Received for publication, April 7, 1942) 

Among the numerous investigations on the racial distribution of the human 
individual blood properties A B, and M, N, the most striking deviations from 
other races were found in Amen can Indians, Eskimos, Australian aborigines, 
and Ainus 1 Since material from Amen can Indians was available to us, it 
was considered of interest to study this with regard to the incidence of the Rh 
factor 


Materials and Methods 

The dotted blood iamples obtained by venepuncture at Fort Lewis Washington 
were shipped at once by air mail to New York City, where they arrived in good 
condition These specimens came from Indian patients at the Tacoma Hospital 
and Indian soldiers stationed at Fort Lewis. 

The Indians from which the samples were obtained fall into ten different linguistic 
groups with the exception of a few individuals. (This classification is based on the 
ethnological charts of linguistic stocks in Wisaler s ‘The American Indian,” 1938 
edition, supplemented by information obtained from Dr J II. Hendry Superintend 
ent of the Indian Hospital, and Mr O C. Upchurch, Indian Agent at Tul&bp 
Washington.) The principal tribes of the individuals tested belonged to the following 
stocks Shahaptm Salishan, Klamath Athabascan, Siouan Tlingit or Koluschan, 
Haida, Shoshonean Eakimauan, AJgonkln. 

Each Indian tested was classified according to the degree * of Indian blood The 
ratings as to racial punty are based an the agencj records these naturally, may not 
be entirely accurate 

When the blood samples were received even suspensions were prepared by break 
mg up the clots m saline solution removing coarse particles, and washing once with 
saline. The tests for Rh were made with guinea pig immune sera (11) and with a 
human anti Rh serum. For the latter tests, equal parts of a thin blood suspension 
and of serum were incubated at 37°C All specimens designated as derived from 

1 Illustrative results selected from the literature can be found in the papers by 
Snyder (1) (A, B in Indians) Matson and Schrader (2) (A B m Indians), Landsteiner 
and Levine (3) (M N in Indians) Birdsell and Boyd (4) (A B, M N in Australian 
aborigines) Fabnans-Hansen (5) (A, B, M, N in Eskimos) Grove (6) (A, B in Ainus 
and Filipinos), Nigg (7) (A, B in Polynesians and Hawanans) Kubo (8) (M, N in 
Ainus), and for general bibliography see Boyd (9) and Wiener (10) 

73 



74 


DISTRIBUTION OF Rh FACTOR IN AMERICAN INDIANS 


full blooded and three-quarter blooded Indians were tested with both reagents, the 
others with human serum alone In addition, the blood groups, sub groups, and 
M-N types were determined 

Some of the specimens from full blooded and three-fourths blooded Indians were 
exammed with a human serum 5 which in whites gives about 27 per cent negative 
reactions instead of 15 per cent (11, 12) 

Findings 

The results presented in Table I demonstrate that the distribution of the 
Rh factor among American Indians differs widely from that among white 
Americans in New York City While as many as 15 per cent of bloods from 
white individuals lack the Rh factor, only one such blood was found among 
120 full blooded Indians and, of course, it cannot be concluded with certainty 
that even this smgle case was not attributable to some untraceable crossing 


TABLE I 

Distribution of the Rh Agglutinogen among American Indians hr Compared with 

I Yktte Individuals 


Population examined 

Rh positive 

Rh negative 

Total No 
examined 



Number 

Per cent 

Full blooded Indians 

Whites (New York City) 

1 

119 

99 2 

[ 1 


120 

Lands tem er and Wiener (11) 

379 

84 6 

69 


448 

Levine tl al (22) 


86 



1035 


with whites, a possibility which may also apply to the smgle group B indi- 
vidual found (c/ Table II) Among 69 Indians designated as three-fourths 
blooded all gave positive reactions with the exception of one blood, which was 
negative with the guinea-pig antiserum and with one human serum, but gave 
weakly positive reactions with three other human anti-Rh sera 

In the tests for the type demonstrable with the special human anti-Rh 
serum mentioned above, 69 specimens from full blooded Indians were e xamin ed 
Of these, 29, or about two-fifths, showed negative reactions with this serum 
which is more than twice the frequency found among Rh-positive bloods from 
white individuals 

In Table It are given the figures for the distributions of O-A-B, Ai-Aj, and 
M-N These confirm previous findings, especially the high frequency of 
group 0 and the low incidence of type N The incidence of group A is higher 
in our material than m most Indian tribes, but considerably lower than m two 
tribes studied by Matson and Schrader (2), and it should be noted that, as m a 


2 For this serum we are indebted to Dr Philip Levine 
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previous study by Levine, Matson, and Schrader (13), all the group A full 
blooded Indians belonged to subgroup Ai 

The frequencies of the various blood factors In Indians known not to be of 
pure stock are presented in Table III, together with the frequencies to be 
anticipated from the degree of mixture with whites 


TABLE H 

Distribution of the Agglutinogens A r A r B , and If N among American Indians As Compared 
uith American Whits 


FopcJitioo 


Dfcrtribatioo of jroapi and 
mhjTOTjp# 

Dkirfbctlon of 
il N type* 



0 

Ai 

Aj 

B 

A 4 B 

A«B 

U 

N 

UN 

Full blooded Indians ( 

Number 

38 

31 

0 

! 

0 

0 

G8 

5 


(Pre»ent atndy) \ 

American white* 

Per cent 

73 3 

25 8 

0 

B 

0 

B 

56 7 

4 2 


(Q ted alter Wiener (10)) 

Per cent 

44 6 

25 6 

12 5 

13 6j 

3 1 

M 

29 2 

21 3 



TABLE m 

Distribution of the Agglutinogens Rk, ArArB, and M N among American Indians 
of Mixed Ancestry 

(Compared with expected distribution calculated from average degree of crowing witb white*) 




Dbtrlbotloo 
of Rh 

Dbtribotfcn of blood groij* 

Dbtribotloc of 
M-N 




Poil- 

Ut* 


0 

Ai | 

Ai 

B ; 

AiB 

AeB 

M 

N 

UN 

American Indian* of 

f, 

Number 

148 

7 

90 

49 

5 

7 

4 

0 

75 

11 

69 

mixed ance*try 
(Present study) 


Per cent. 

95 5 

4 5 

53 1 

31 6 

3 2 

4 5 1 

2 6 

0 

48 4 

7 1 

44 5 

Theoretical distribu- 
tion for population* 
with 

43 per cent Indian 
blood 

Per cent 

93 5 

6 5 

56 1 

25 9 

7 4 

8 4 

1 6 

0 5 

40 4 

13 2 

46 3 

60 per cent Indian 
blood 

Per cent | 

95 6 

4 4 

61 oj 

25 7 

4 4 

6 6 

1 2 

0 3 

45 4 

10 6 

43 9 


It may be recalled that the expected distribution resulting from mter 
breeding can easily be computed from the number of individuals of the parent 
populations and the distribution of the blood properties m each of them. This 
has been done for the blood groups by Bernstein (14), who showed that the 
distribution in the mixed population can be obtained graphically by a method 
analogous to the location of the center of gravity of two masses In this 
way, the frequency of the rh gene for half blooded Indians would be the average 
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THE PATHOGENESIS AND PATHOLOGY OF EXPERIMENTAL 
TYPE I PNEUMOCOCCIC PNEUMONIA IN THE MONKEY* 

By CLAYTON 0 LOOSLI, M2) 

(From the Depart mat of Medians and the Douglas Smith Foundation for 
Medical Research of The University of Cheap, Chicago) 

(Received for publication, March 30, 1942) 

Purrs 6 ro 10 

The monkey has been employed in only a few instances for the investigation of 
experimental pneomococctc pneumonia. Among the reported studies, in winch this 
animal was used, those of Blake and Cedi (1) and SchObl and Sellards (2) give detailed 
observations concerning the pathology and pathogenesis of the disease. Stuppy, 
Falk, and Jacobson (3) were concerned principally with the production of Type I 
pneumococcus pneumonia m the Macacus rhesus and Cebtts copuanus species, 
Francis and Terrell (4) studied the production and clinical course of Type HI pneu 
mococcus pneumonia in the Java monkey, Macacus cynomclgos They used both 
the intratracheal and intrabronchial methods of inoculation. With the intratracheal 
method it was noted that the inoculum was more widely distributed in the lung* than 
when the intrabronchial procedure was employed. Similar lesions, as observed by 
x ray, eventually developed, however, follow mg either technique of production, 
Blake and Cedi used the intratracheal method of inoculation daring thdr studies 
and concluded that the resulting pneumonic infection simulated In every way that 
which occurred spontaneously In man Concerning the mechanism of lobar consoli- 
dation, they, further, concluded that the pneumococd penetrated directly through 
the epithelium of the main bronchus of the lobe near the Mum and spread rapidly 
throughout the lobe by way of the perivascular and peribronchial tissues and lym 
phatics into the alveolar walls where they then passed into the air spaces slmul 
tan ecu sly with the outpouring of the exudate. More recently Robertson and co- 
workers (5-7)» Gunn and Nungester (8), Wood (9) and the author (10), using the in- 
trabronchial method of inoculation and different animal speoes, also noted the tun! 
Ian ty between the experimental pnetmiococdc infections and those which occur 
spontaneously in man, but their findings did not support those ol Blake and Cecil, 
concerning the manner by which the organisms spread within the lungs. Rather 
they confirmed the views of Loeschdce (11) who concluded, from ha studies of the 
pathogenesis and pathology of the pneumococac pneumonia in man, that the pneu 
monk process was primarily mtraalveolar and intrabronchial, and that the pneumo- 
cocci were earned m the edema fluid directly from alveolus to alveolus through the 
pores of Kohn (12) and from bronchiole to bronchiole as a result of repeated asprra 
turns, aided by breathing, coughing, and gravity 


* Aided m part by the Jessie Horton Koessler Fellowship Fund of the Institute of 
Medicine of Chicago, Chicago 
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The mtrabronchial method of inoculation, as perfected by Terrell, Robert- 
son, and Coggeshall (13) for their study of pneumococcic pneumonia m the 
dog, enables one to control and determine accurately the initial site or sites 
of involvement, thus making it better suited than the intratracheal technique 
for the study of the development of lobar consolidation An investigation of 
the pathogenesis and pathology of pneumococcus pneumonia in the monkey, 
during which the mtrabronchial techhique of production was used, has not 
been reported It seemed advisable to carry out such a study because the 
earher views of Blake and Cecil, concerning the pathogenesis of lobar con- 
solidation m the monkey, have not been substantiated by more recent studies 
of this phase of pneumonia occurring in man (11, 14-16) and induced, by this 
method, in other animal species To compare accurately the development 
of lobar consolidation m this senes of monkeys with that recently observed m 
the dog, the same general plan of infecting and sacrificing the animals, and 
prepanng the lung specimens for microscopic study was followed (10) 

Materials and Methods 

Fourteen apparently healthy Macaws rhesus monkeys were used Then lungs 
were shown to be free from tuberculosis by x-ray The mtrabronchial technique 
of infecting the animals was, bnefly, as follows The animal was placed under mor- 
phine anesthesia, and its larynx cocainized, after which pneumococci suspended m a 
starch-paste medium were injected mto the lungs through a radio-opaque ureteral 
catheter (No 8), introduced through the trachea, mto one of the lower lobe bronchi, 
with the aid of a fluoroscope Type IAs strain of pneumococcus was used as the 
infecting agent This organism, when injected mtrapentoneally, killed mice regu- 
larly m dilutions of 10 - * The dosage varied from 0 01 cc to 0 02 cc. of an 18 hour 
broth culture suspended m If cc of 5 per cent starch-broth mixture. Monkey 1-37, 
killed 1$ hours after inoculation, received 0 4 cc of pneumococa suspended m 2 cc. 
of starch m two sites m each lower lobe 

The clinical course of the disease was followed by daily temperature, pulse, and 
leucocyte counts X-rays were taken at 24 hours on those animals allowed to survive 
longer than this time Blood cultures were taken on eight of the animals 

The animals were sacrificed at 1$, 2$, 4$, 9, 14$, 22, 28, 36, 48, 60, 70, 72 hours, 

4 and 7 days after inoculation Each animal was killed with a lethal dose of pento- 
barbital sodium, after which its chest was quickly opened, the aorta clamped, and a 
ligature placed about the base of the heart to keep the blood m the pulmonary ves- 
sels The pneumonic lungs were then filled with Zenker-formahn fixing solution 
(10 per cent formalin m Zenker’s fluid without acetic acid) through the trachea and 
allowed to fix for from 6 to 10 hours After this time specimens were cut from the 
involved lobes, washed, dehydrated, embedded in celloidin, sectioned (8 to 10 micra), 
and placed serially on slides, after which they were stained by Maximow’s hematox}- 
hn-eosin-azure II method (17) 
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Clinical Observations 

The animals remained under the effect of the morphine for about 14 hours The 
nine a nim a ls killed after 22 hours appeared HL They failed to eat and were leas 
active. Their respiratory rates were increased and some exhib ited pain in the chest 
when handled. At 24 hours all nine animals had a leucocytosls and elevated tempera 
tures. Two of the animals killed at 2 J and 4 days after infection were moribund and 
had subnormal temperatures and low leucocyte counts All the other animals had 
a leucocytosls at the time of sacrifice, except the one killed the 7th day after mocula 
tion and 3 days after recovery 

Blood cultures were taken on the animals killed at 14, 22, 26 48, 60, 12, 96 hours 
and 7 days after infection, and all were positive for Type I pneumococci Monkey 76 
killed after 2\ days of infection had over a. thousand colonies at 24 hours and at the 
time of sacrifice 370 colonies per cc. of blood Monkey 81 had 16 colonies per cc. of 
blood at 24 hours and thousands at the time of sacrifice 4 days after inoculation. 
Monkey 82 sacrificed at 7 days had 188 colonies per cc. of blood at 24 hours, and at 
5 days its blood was sterile. The remaining animals on which cultures were taken 
had thousands of colonies per cc. of blood at the time of sacrifice 

Pathogenesis of the Lesions 

Macroscopic Observations —As the lungs of all the animals were fixed intratracheaHy, 
immediately after death, only a humed inspection of the pleural surfaces of the pneu 
monlc lesions was made. The maximum consolidation occurred within 22 hours after 
inoculation Monkey 1 32 killed at 48 hours had approximately M of the mocu 
lated lobe consolidated All the other animals killed after 22 hours had or more 
of the mocula ted lobes consolidated. Spread of the infection to other lobes occurred 
only in monkey 1 39, killed at 14 hours- In this animal portions of the left upper 
and left lower lobes as well as the inoculated right lower lobe were consolidated 

The inoculated lobes of the six animals killed at increasing intervals within 22 
hours after mfection showed a regular increase m the extent of consolidation which 
progressed from the periphery of the lungs at the site of inoculation toward the hilnm 
The pneumonic areas, enlarging in a contiguous ma n ner were deep red, slightly 
retracted, Irregular in outline, and edematous at their spreading m a rgin s. In all the 
animals there was a sharp line of demarcation between the consolidated and uncon 
solidated portions of the lobes. The consolidated lobes were always smaller than 
the corresponding opposite unfnvolved lobes. Fibrin was present on the pleural 
surfaces m some of the animals. The consolidated lobes of the animals killed within 
28 and 72 hours after inoculation had essentially the same grayish red appearance. 
Monkey 82 killed at 7 days after infection had recovered and the inoculated lobe 
was air-containing and showed only alight discoloration. 

Microscopic Observations — The inflammatory reaction had already begun 1 \ hours 
after inoculation (Fig 1) It had a bronchial or focal distribution. The Initial 
exudate consisted of edema fluid in which were a few red blood cells and blood leuco- 
cytes and pneumococci. There was no detachment of the septal cells but the cap II 
laries were greatly congested with leucocytes (Fig 1) At 2\ hours the focal areas 
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of inflamm ation were larger and showed large numbers of leucocytes leaving the 
septal capillaries and entering the air spaces (Figs 2 and 3) At 4} hours the alveoli 
and bronchi were more or less filled with the serous and cellular exudate, although the 
extent of consolidation was small (F lg 4) The margins of the consolidated areas 
showed only an edematous exudate and a beginning migration of leucocytes from the 
blood as was present in the 1J hour lesion The borders of the increasingly larger 
areas of consolidation m the lungs of the animals killed at 9, 14 j, and 22 hours had 
this same appearance (Figs 9 and 10) with the older portions showing increasing 
numbers of cells in the exudate (Figs 8, 11, and 12) Twenty-two hours after infec- 
tion the alveoli and bronchi were more or less uniformly filled with exudate (Fig 12) 

The serum and blood leucocytes entered the air spaces principally through the 
small blood vessels, and capillaries m the alveolar walls (Fig 3) There was some 
perivascular and peribronchial edema and varying degrees of interstitial cellular 
infiltration m different parts of the lung lesions of the six animals killed during the 
first 24 hours of the disease when maximum consolidation took place The inter- 
stitial reaction, however, bore no relation to the extent or intensity of consolidation 
Areas showing no interstitial reaction (Fig 12) were as intensely consolidated as 
other regions which also showed peribronchial and perivascular edema and cellular 
infiltration Interstitial and lymphatic involvement were more pronounced in the 
1J to 4 day lesions, yet the reaction within the air spaces during this time was one 
of gradual recovery (Figs IS to 19) 

Distribution of Pneumococci — In the consolidated lobes of the five animals killed 
within the first 15 hours after inoculation, pneumococci were seen only in the alveolar 
and bronchial exudates and in large numbers after 4 hours (Figs 6 and 7) The 
greatest number of organisms were m the alveolar and bronchial spaces at the spread- 
ing border of the lesions where the exudate consisted principally of edema fluid 
(Figs 6, 9, and 10) In the older consolidated portions of the lesions organisms were 
seen m varying numbers both free and m leucocytes No organisms were seen m 
the substance of the alveolar walls in any of the developing lesions, but beyond their 
margins many were lying in a thin layer of edema fluid on the alveolar surfaces and in 
the pores of Kohn of apparently normal alveoh (Fig 6) Likewise, none were seen 
at points m the septa where the leucocytes were entering the spaces (Fig 3) Pneu- 
mococa were not seen invading the bronchial epithelial cells, although m the early 
lesions large numbers were seen in the exudate lying on their free surfaces 

An occasional pneumococcus was seen in the edematous interstitial tissue of some 
bronchial and blood vessel walls in the lesions of the animals killed at 28, 36, 48, 60, 
72, and 96 hours after infection Pneumococa were not seen in the small or large 
perivascular, peribronchial, or pleural lymphatics in the lesions of any of these ani- 
mals and were demonstrable only in the blood vessels and septal capillaries of two 
animals which were moribund and had marked bacteremias at the time of sacrifice, 
48 and 96 hours after inoculation Only an occasional pneumococcus was seen in 
the blood of the animal killed at 48 hours, while large numbers were present both free 
and in polymorphonuclear and monocytic leucocytes withih the vessels and capil- 
laries of the one killed at 4 days after infection (Fig 19) Small thrombi containing 
large numbers of organisms were present in the lung capillaries and larger pulmonary 
vessels of this animak 
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In spite of the increased and persistent interstitial inflammation of the pneumonic 
lungs (Figs. 17 and 18) and bacteremias in the animals killed after the first 24 hours 
of the disease, pneumococci diminished In numbers from the bronchial and alveolar 
exudate They were found only in small numbers In the exudates of the animals 
killed at 28, 36, 48, and 60 hours, and were not seal in the exudates of those killed at 
3, 4 and 7 days after Infection. At the same time the organisms disappeared from 
the exudate, the cellular elements changed gradually from polymorphonuclear 
leucocytes to large markedly phagocytic mononuclear cells 

Hu to genesis of CeUs t n the Exudate 

With the exception of a few old, free, carbon filled macrophages, which are nor 
mally present in the alveoli, the blood leucocytes were the first cells to appear in large 
numbers in the exudate. Within 1} hours after Inoculation polymorphonuclear 
leucocytes had collected In large numbers in the capillaries and small blood vessels 
in the alveolar walls, and a few were already in the air spaces (Fig 1 ) The migration 
of leucocytes from the capillaries and blood vessels followed rapidly the outpouring 
of edema fluid into the alveolar spaces and continued until the greater portion of 
the inoculated lobes were consolidated. The leucocytes entered the alveoli prind 
pally through the septal capillaries and small blood vessels (Fig 3) Leucocytes in 
all stages of passing from the alveolar capillaries could be seen throughout the lesions 
and especially in areas near the margin of the spreading borders in the animals killed 
during the first 24 hours. As they entered the air spaces, the leucocytes, both granu 
hr and non-granular varieties formed asteroid configurations along the septa (Fig 3) 
In some areas a few passed directly through the larger pulmonary vessels and ves- 
sels in the bronchial walla into the edematous interstitial tissue, but leucocytes were 
present only in relatively small numbers in the interstitial tissue m the lesions of the 
animals killed within 24 hours after inoculation (Figs. 1 to 12) The polymorpho- 
nudear leucocyte was the predominant cell type In the exudate during the first 36 
hours after infection During this time they phcgocytixed varying number* of 
pneumococa and began to degenerate so that by 72 hours the majority were degen 
crating and being ingested by the mononudear macrophages. None were present 
in the alveolar spaces of the d earing 7 day lesion. 

The non-granular leucocytes (lymphocytes and monocytes) entered the exudate 
along with the polymorphonudear leucocytes throughout the early stages of the 
disease. At first they were inconspicuous in the exudate because of the predominance 
of polymorphonudear leucocytes Only a few were in the exudate In the 2 $ hour 
lesion (Fig 3) but they became increasingly more numerous in the 4 J 9, and 14 § 
hour lesions (Fig*. 7 8, and 11) After entering the exudate the hematogenous 
mononudear exudate cells did not degenerate, but soon began to hypertrophy and 
transform themselves Into actively phagocytic cells The morphological transforma 
tnon of the lymphocytes into monocytes and monocytes into macrophages was 
clearly seen by examining the exudates in consecutively older lesions within the first 
36 hours of the disease. In the 9 hour lesion (Fig 8) the mononudear exudate cells 
were larger and more numerous than in the 4} hour lesion (Fig 7) but the majority 
of thes e cells at this time resembled the lymphocytes still within the blood vessels 
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In the 14$ hour lesion (Fig 11), they were definitely larger than those seen in the 9 
hour lesion (Fig 8) Then nudei were less compact and assumed many shapes 
They had accumulated more cytoplasm which was less basophilic than that of the 
cells in the 9 hour lesion Many of these cells resembled monocytes of the blood, 
but the great majority of the cells still within the vessels were of the lymphocytic 
variety The larger of the “polyblastic” mononuclear cells m the 14$ hour lesions 
had begun to phagocytise red blood cells and an occasional pne um ococcus In the 
22 hour lesion, near the site of inoculation (Fig 13), the mononuclear exudate cells 
were still larger and more phagocytic than those seen at 14$ hours In the exudate 
at the margin of the 22 hour lesion (Fig 14) which was more recently involved, they 
were smaller and resembled those m the 9 and 14$ hour lesions 

By 28 hours the majority of the lymphocytes and monocytes had assumed the 
morphology and function of macrophages which were still larger and actively phago- 
cytizing large numbers of degenerating granular leucocytes, red blood cells, and 
pneumococa in the 36 hour Ierion (Fig 15) After this time only an occasional small 
hematogenous mononuclear cell was seen m the exudate, which consisted principally 
of typical large mononuclear cells with ingested constituents, m various degrees of 
digestion in their cytoplasms (Fig 16) During the first 36 hours of the disease when 
the transformation of the non-granular leucocytes mto larger phagocytic cells took 
place, the local tissue cells showed only swelling and no proliferation There was no 
evidence in any of the lesions that the hematogenous mononuclear exudate cells 
degenerated after they entered the exudate 

The septal cells (alveolar epithelium) did not become detached or show any sig- 
nificant change as a result of the marked exudation of serum and leucocytes from 
the blood during the first 24 hours of the disease (Figs 3 to 13) The enlargement 
of the septal cells was gradual and associated with swelling of other cellular constitu- 
ents (capillary endothelium and fibroblasts) m the alveolar walls By 36 hours 
septal cells were conspicuous on the walls where they had accumulated large amounts 
of foamy cytoplasm, but no mitotic figures indicating proliferation were seen m them 
(Fig 13) Mitotic figures were rarely seen in these cells, and then only in the 2$, 3, 
and 4 day lesions At this time bmucleated cells appeared on the alveolar walls 
These bmucleated cells were still numerous on the septa m the 4 and 7 day lesions 
which were undergoing resolution and showing diminishing numbers of macrophages 
in the exudate (Figs 18 to 20) No phagocytosis of pneumococa, red blood cells, 
and polymorphonuclear leucocytes by the attached single or bmucleated septal cells 
was noted m any stage of the disease Smgle or bmucleated mononuclear cells, 
which did not contain ingested material m their cytoplasms and which resembled 
the attached cells, were seldom seen free m the spaces The septal cells remained 
enlarged and numerous on the walls m the 4 and 7 day lesions which were undergoing 
resolution (Figs 19 and 20) 

The bronchial epithelium showed no injury, proliferation, or phagocytic activity 
in any of the lesions, although it became infiltrated with polymorphonuclear leucocytes 
in the early stages of the disease The endothelial cells lining the pulmonary vessels, 
capillaries, and lymphatics, showed no proliferative activity at any stage, or phago- 
cytosis of org anisms m the 2 and 4 day lesions in which intravascular pneumococa 
could be seen. There was no evidence of proliferation of the fixed tissue histiocytes 



CLAYTON G LOOSLI 


85 


in the interstitial tissue of the bronchi, pleura, and blood vessels with their subsequent 
migration Into the alveolar spaces to contribute to the source of the mononuclear 
macrophages In the exudate. Likewise, as far as could be determined, the old pig 
ment filled macrophages in the interstitial tissue did not migrate into the exudate m 
response to the acute Infection. On the other hand, the resolving lesions showed 
an increased number of macrophages m the interstitial tissue. These were morpho- 
logically Identical with the diminishing macrophages still In the alveolar spaces 
A few smaller basophilic mononuclear cells accumulated in the interstitial tissue in 
the older lesions These resembled lymphocytes, monocytes, and plaitm* cells, 

DISCUSSION 

The clinical manifestations of pneumonia in this senes of .animals were 
similar to those observed by Blake and Cecd (18), SchObl and Sellards (2), 
and Francis and Terrell (4) m larger senes of monkeys, and by Terrell, Robert 
son, and Coggeshall (13) m expenmen tal pneumonia m the dog Although 
most of the animals were killed within 4 days after inoculation, the early 
severe bacteremias in all but one, on which cultures were taken, indicated 
that, if allowed to survive longer, the majority would have eventually sue 
climbed to the infection At the time of sacrifice the animals vaned greatly 
in seventy of illness The histological findings, however, could be more 
closely correlated with the age of lesions, than with their gross appearance or 
the clinical condition of the animals at the time of death 

The evolution of the inflammatory process m the lungs was rapid, progres- 
sive, and similar to that seen by Robertson, Coggeshall, and Terrell (5), 
and the author (10) during their studies of pneumonia in the dog Lobar 
consolidation took place within 24 hours after inoculation The consolidated 
lobes of animals killed within the first 72 hours had essentially the same 
gross appearance, but during this time, the exudate changed gradually from 
one composed of edema fluid, polymorphonuclear leucocytes, lymphocytes, 
monocytes, red blood cells, and many pneumococci to one of large mononu 
clear macrophages By the 4th day resolution was well advanced, and 
practically complete by the 7th day The cellular changes in and the disap- 
pearance of pneumococci from the exudate took place m spite of early per 
sistent bacteremias and increasing amounts of interstitial and lymphatic 
involvement Similar changes were reported by Robertson and Loos 1 1 (19) 
m the pneumonic exudate in dogs showing severe infections and dying on or 
after the 4th day of illness Francis and Terrell also noted by x ra> m mon 
keys that lobes which became consolidated by 24 hours after inoculation 
showed varying degrees of clearing on the 3rd or 4th day of the disease, al 
though dur ing this time some of the animals had developed bacteremias and 
had a spread of their infections to other lobes 

The histological changes, the lands of cells, and the sequence with which 
they appeared m the exudate were similar to those seen m the induced pneu- 
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mornc lesions in dogs (10) The polymorphonuclear leucocytes appeared 
early and in larger numbers, but they began to degenerate and be taken up 
by the mononuclear macrophages after 24 hours The mononuclear exudate 
cells presented a great variety of sizes, shapes, and degrees of phagocytic 
activity depending on the age of the consolidations By observing them m 
consecutively older lesions, it could be seen that the “polyblastic” mononuclear 
cells represented transitional stages in the development of the small hematog- 
enous mononuclear exudate cells (lymphocytes) which appeared early in the 
exudate, into larger mononuclear phagocytes The transformation of the 
lymphocytes into monocytes and monocytes into typical macrophages was 
more or less completed during the first 36 hours of the disease By examinin g 
only lesions of animals killed after t hi s time, one could readily get the impres- 
sion that the large mononuclear phagocytic cells arose only locally from the 
swollen septal cells, as is generally considered to occur both in the case of 
pneumonia in man and expenmen tal pneumonia in animals (10) 

It was impossible, however, to determine to what extent the septal cells 
contnbuted to the source of the free macrophages, for large numbers of the 
latter cells, which were derived from the hematogenous mononuclear cells, 
were present in the exudate before the local tissue and septal cells began to 
show a reaction to the invading organisms By studying the septal cells m 
consecutively older lesions from the beginning of consolidation until resolution 
was complete, it appeared that their reaction was one principally of swelling 
with occasional division to form binucleated attached cells Similar observa- 
tions were noted during the study of the septal cell reactions in pneumonic 
lesions m dogs A more extended consideration of the histogenesis of cells 
m pneumococcic pneumonia has been given m this report (10) 

The observations concerning the development of lobar consolidation in this 
senes of monkeys were, likewise, similar to those noted dunng the study of the 
histogenesis of cells m experimental pneumonia m the dog (10) In the early 
lesions the pneumococa were distributed pnnapally within the air spaces, 
and were most numerous in the edematous exudate, which was abundant, 
at the spreading borders of the consolidated areas The progressive and 
contiguous enlargement of the areas of inflammation occurred as a result of 
the spread of the infected edema fluid, which preceded the entrance of leuco- 
cytes into the air spaces, from alveolus to alveolus directly through the pores 
of Kohn (12) and from bronchiole to bronchiole by repeated aspirations 
These findings are m agreement with those of Loeschcke (11), Heinrichs (14), 
Robertson and Uhley (15), and Loosli (16) concerning the pathogenesis of 
lobar consolidation in man, and also with the recent observations made by 
Robertson (6), Robertson and Hamburger (7), during simi l a r studies in the 
dog, and by Gunn and Nungester (8), and Wood (9) in the rat These studies 
as well as the present one show that pneumococac pneumonia is primarily 
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an intraalveolar infection They further show that the injury to the alveolar 
tissue and capillaries, which is followed by exudation of the blood constituents 
into the air spaces, can best be attributed to the soluble toxic products lib- 
erated by the pneumococci growing m the exudate rather than by direct in 
vasion of the septal tissue by the organisms themselves, as Blake and Cedi, 
Schdbl and Sellards, Stillman and Branch (20), and Rake (21) concluded. 

The outpouring of edema fluid appears to be typical of the body ’s reaction 
to the pneumococcus regardless of the site of inoculation as has been shown 
by Welch (22) and Goodner (23) w their studies of dermal pneumonia m the 
rabbit That substances liberated by the pneumococcus can produce an 
edematous reaction when injected into the *km of man and the lungs of am 
mals has been shown recently by Dick and Boor (24), and Sutlifl and Fnede 
mann (25) Whatever the nature of this edema producing substance or 
substances might be, their injurious action is mild, for consolidation is seldom 
followed by necrosis of the lung tissue The abundant fluid exudate in pneu 
mococcic inflammations most likely docs not represent a manifestation of 
allergy, as Loeschcke, Lauche (26), Fried (27), Heinrichs, and Lmdau (28) 
mam tarn Similar inflammatory reactions can be elicited by the pneumo- 
coccus m non-sensitixed and sensitized, and in immune and non immune 
animals There is no evidence that it represents an allergic reaction m the 
case of pneumococcic pneumonia m man Likewise, there was no evidence 
in this study to support the concept of a neurogenic factor m the production of 
the edematous exudate in pneumonic lesions as proposed by Reinhardt (29) 

Atelectasis may serve to hold the organisms m the lungs until the inflam 
matory process is initiated, but it probably does not play on important part 
m the spread of the infection within the air spaces as Coryllos and Bimbfmm 
concluded (30) Rather, it would seem that atelectasis should prevent or 
hinder the spread of organisms within the air spaces 

The rapidity with which lobar consolidation occurred in this senes of am 
mala, and the distribution of the pneumococci m the consecutively older lesions 
would indicate that the data upon which Blake and Cecil based their concept 
of pathogenesis of lobar consolidation m the monkey were incomplete They 
made no systematic study by x ray of the evolution of the lesions as did 
Francis and Terrell, nor id they sacrifice animals at increasing interval* of 
time after inoculation, so that the age of the lesions could be accurately deter 
mined Although Blake and Cecil examined the lungs of two an i m als sacri 
ficed at 3$ and 12 hours after inoculation, their observations concerning the 
manner of wtrapulmonary spread of the organisms, for the most part, were 
made from lungs of animals dying with pneumococcic septicemias from 3 to 5 
dayB after inoculation 

SchObl and Sellards, and Permar (31) also considered the interstitial tissue 
and lymphatics to be the chief pathways for the spread of the organisms within 
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the lungs in the early stages of the disease when consolidation took place 
Schobl and Sellards, however, examined the lungs of animals dying only after 
the 1st day of the disease They observed no organisms but only a cellular 
infiltration in the interstitial tissue and congested lymphatics Permar, 
using rabbits, observed organisms in the interstitial tissue and lymphatics of 
the lungs of animals killed only 10 hours or longer after infection In the 
present study as well as that made m dogs (10), organisms were never seen m 
the developmg lesions in the substance of the alveolar walls, in the interstitial 
tissue of the bronchial tree, or penetrating the bronchial epithelium as Blake 
and Cecil describe Large numbers, however, were present in the bronchial 
and alveolar exudate of lesions comparable to their early ones The manner 
of fixing the lungs for microscopic examination m this senes of animals , how- 
ever, aided matenally in determining whether the organisms were in the tissues 
or air spaces The results of this study of the distribution of the pneumo- 
coca in such prepared lungs suggest that the great majonty of organisms which 
Blake and Cecil considered to be in the walls of the ter min al bronchioles, 
alveolar ducts, and alveoli m their early lesion were in reality lying on the 
surfaces of these partially collapsed structures In early pneumonic lesions 
m man pneumococa also have been infrequently noted m the interstitial 
tissue while large numbers have been observed in the fluid exudate in the air 
spaces (11, 15, 16, 33, 34) That pneumococac inflammation of the lungs 
should be considered an infection of the alveolar and bronchial surfaces, as 
Wadsworth (35) long ago pointed out, is substantiated m this study 
Varying degrees of interstitial and lymphatic involvement were noted in 
this study, but it could not be correlated with the extent or degree of consoli- 
dation Interstitial involvement was more pronounced in the lungs of the 
animals killed after consolidation had taken place, yet m these lesions or- 
ganisms gradually disappeared from the exudate, as it changed from one of 
polymorphonuclear leucocytes to one of mononuclear macrophages The 
exudate in the animal killed at 4 days was undergoing resolution in spite of 
a marked interstitial reaction and a bacteremia so pronounced that organisms 
could be seen in large numbers m the septal capillaries and larger pulmonary 
vessels Thus the presence of organisms and exudate cells m the interstitial 
tissue, and organisms m the alveolar walls of animals dying of severe septi- 
cemias after 3 or 4 days of illness does not necessarily indicate an inflammatory 
process which will lead to consolidation of the lungs, as Blake and Cecil con- 
cluded Certainly organisms do enter the interstitial tissue and lymphatics 
m varying numbers, but they do so m all probability secondarily from the 
alveolar spaces Once m these channels they most likely do not reenter the 
alveoh, but become important as the source of infection producmg complica- 
tions, such as pericarditis, empyema, and bacteremia, rather than having a 
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part in the pathogenesis of lobar consolidation* Recent studies concerning 
the lung blood barrier in experimental pneumonia m the dog further subs tan 
tiate this view (36) 

Blake and Cecil’s observation, that the pneumococa entered the interstitial 
tissue first through the bronchial epithelial linin g, was not confirmed by 
SchObl and Sellards, Perm or, and Gaskel (32), who used the same or similar 
techniques of inoculation* They concluded that the fluid inoculum was 
aspirated directly into the finer air spaces They further pointed out that, 
following the intratracheal injection of organisms, consolidation began at or 
near the hfla of the lobes because the fluid inoculum, with the animals on their 
backs, entered directly into the most dependent short bronchial alveolar 
units m the hilar regions and that the position of the animal determined which 
lobes the inoculum entered Recently Robertson and Hamburger (7) have 
shown in the dog that the pneumonic exudate must be fluid enough to flow or 
be aspirated into the terminal air passages before secondary pulmonary lesions 
develop Viscid exudate, containing large numbers of organisms, placed in 
the entrance of primary bronchi with the animals m a position favorable for 
flow of the material into the lobe did not result m pulmonary consolidation 
There was, however, ample opportunity for organisms m the exudate to 
penetrate the bronchial epithelium and produce interstitial inflammation and 
consolidation* That this did not occur is further evidence against the validity 
of the concept of pathogenesis of lobar pneumonia as proposed by Blake and 
Cedi 


SUIOIARY 

The pathogenesis of lobar consolidation and microscopic pathology of 
induced Type I pneumococac pneumonia m a senes of fourteen monkeys, 
killed at dose intervals of time after infection, have been studied The inflara 
matory process which resulted in consolidation was primarily intraalveolar 
and mtrabronchiaL The pneumococa spread within the air spaces as a result 
of the dissemination of the infected edema fluid directly from alveolus to 
alveolus through the pores of Kohn and from bronchiole to bronchiole as a 
result of repeated aspiration during breathing The pneumonic process within 
the air spaces developed and progressed independently of the reaction m the 
interstitial tissues The organisms spread to the interstitial tissue secondarily 
from the alveolar spaces Once m the interstitial tissues they appeared to 
be the important source of infection producing bacteremia but not important 
in the mechanism by which consolidation was produced 

The exudate cells came chiefly from the blood The large mononuclear 
cells which replaced the polymorphonuclear leucocytes were derived principally 
from the hypertrophy and transformation of lymphocytes and monocytes into 
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macrophages after they entered the exudate m the early stages of the disease 
The part the local septal cells played as the source of the macrophages could 
not be accurately determined The reaction of the septal cells appeared to 
be chiefly one of swelling without detachment and occasional proliferation to 
form binucleated attached cells To follow the transformation of the hematog- 
enous mononuclear cells into macrophages in the exudate, the inflammatory 
reaction must be examined at frequent intervals during the first 36 hours of 
the disease 

The similarity of the pathogenesis of lobar consolidation m human pneu- 
monia to that observed in the experimentally induced disease m monkeys and 
dogs was discussed 
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EXPLANATION OF PLATES 

Photomicrographs were made from sections stained with Maxunow’s hemaloxylin- 
eosin-azure H technique 

Plate 6 

Fig 1 Monkey 1-37M, killed 1} hours after left lower lobe inoculation Area at 
site of inoculation shows a beginning mflammatoiy reaction Some septal capillaries 
are markedly congested with leucocytes, and some leucocytes are already in the alveoli 
The granular precipitate is starch granules and serous exudate There is no involve- 
ment of interstitial tissue of blood vessel (a) or of the lymphatics (/) X 112 
Fig 2 Monkey 1-3 1M, killed 2$ hours after right lower lobe inoculation Area 
near site of inoculation shows an intense inflammatory reaction The exudate con- 
sists of edema fluid, red blood cells, and leucocytes The vessel wall (a) shows no 
reaction although leucocytes have collected at the periphery of its lumen X 112 
Fig 3 Monkey 1-31M Area shows large numbers of leucocytes in the process of 
entering the exudate at points along the septa X 340 

Fig 4 Monkey 1-32M, killed 4£ hours after right lower lobe inoculation Area 
near site of inoculation shows continued exudation of leucocytes into the air spaces 
at points along the septa The bronchial (6) and blood vessel (a) walls show only 
slight involvement. The lymphatic (1) is congested X 112 
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Plate 7 

Fig 5 Monkey 1-32M Area beyond the marginal zone of edema-filled alveoli 
Septal walls appear normal Small amount of serous precipitate in some alveoli 
X 112 

Fig 6 Monkey 1-32M Area x of Fig 5 shows many pneumococci lymg m the 
thin layer of edema fluid on the surface of an alveolus No organisms are seen m the 
substance of the walls X 755 

Fig 7 Monkey 1-32M Area near the site of inoculation Large numbers of 
pneumococa are present in the exudate None are seen in the substance of the 
septa A group of leucocytes (a) are entering the exudate A few small mono- 
nuclear leucocytes are already in the exudate One old pigment-filled macrophage 
(>») is present in the exudate X 525 

Fig 8 Monkey 94M, killed 9 hours after right lower lobe inoculation Area 
near site of inoculation shows the character of exudate Pneumococci are seen but 
are fewer m number than at 4J hours (Fig 7) Cellular exudate consists principally 
of polymorphonuclear leucocytes, some containing ingested pneumococci Numerous 
small hematogenous mononuclear cells are also present Some have taken up an 
occasional pneumococcus The alveolar walls appear normal The septal cells (x) 
show no reaction X 600 
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Plate 9 

Fig 13 Monkey 1-44M Area near site of inoculation shows the character of the 
exudate A few polymorphonuclear leucocytes have begun to degenerate The 
majority of the mononuclear cells are larger than those seen at 14 hours (Fig 11) 
and are actively phagocytic A few smaller non-phagocytic hematogenous mono- 
nuclear cells of varying sizes, representing transitional stages m their development 
mto macrophages, are seen The septal cells ( s ) are beginning to enlarge X 600 
Fig 14 Monkey 1-44M Area of more recent consolidation near the margin of 
the lesion shows numerous small mononuclear exudate cells similar to those within 
the blood vessels and in the exudate of earlier lesions (Figs 8 and 11) x 600 
Fig 15 Monkey 1-06M, killed 36 hours after right lower lobe inoculation Area 
near the site of inoculation shows mononuclear exudate cells all of the large variety, 
which show marked phagocytic activity Free pneumococci are not seen in the 
exudate or in the substance of the alveolar walls The septal cells (s) are larger than 
those seen in the 22 hour lesion (Fig 13) X 600 

Fig 16 Monkey 76M, killed 1\ days after left lower lobe inoculation The 
exudate cells consist principally of mononuclear macrophages which contain frag- 
ments of ingested polymorphonuclear leucocytes, red blood cells, etc The alveolar 
walls are greatly swollen, and the septal cells (j) are conspicuous No pneumococci 
are seen in the substance of the alveolar walls X 600 
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FUNCTION OF COMPONENTS OF COMPLEMENT IN IMMUNE 
HEMOLYSIS* 

By E P TT X KMER , PhD., S SEIFTER, FEY CHU M.D , and E E. ECKER, Ph.D 

( From the Institute of Pathology Western Reserve Untversity and the University 
Hospitals, Cleveland) 

(Received for publication, March 19 1942) 

Although the activity of complement is exhibited in bactericidal, bacteri- 
olytic, and hemolytic phenomena, the hemolysis of sensitized red blood cells 
13 the most clearly defined property Nevertheless, the r 6 Ie of the various 
components of complement in immune hemolysis has not been deter min ed 
under the most favorable conditions 

Liefmann and Cohn (1) assert that the disappearance of complement in immune 
hemolysis is due to the effect of hemolysis rather than to an mitral fixation of comple- 
ment On the contrary Eagle (2 3) and Ponder (4) state that complement must 
first be bound by sensitized erythrocytes before hemolysis occurs. These authors 
made no attempt to Identify the components operating in this fixation Many 
investigators (5-8) have claimed that the mid-piece Is fixed by sensitized red blood 
cells. Brin (9) states however, that the end-piece alone u bound by immune ag 
gregates. Still others hold that both end-piece and mid piece combine (10-12) 
It has also been asserted that the fourth component is involved in the fixation of 
complement prior to hemolysis (13—15) Furthermore, Nathan (16) concludes that 
the third component of complement is not fixed by sensitized sheep red blood cells. 

Pfllemer, Seif ter and Ecker (17) have shown that C'4 C'2 and varying amounts 
of C'1 J are always fixed by antigen rabbit antibody aggregates In agreement with 
Nathan, these authors showed that C'3 is not fixed by sensitized red blood cells. 

Fixation of the components of complement in the work last mentioned was 
determined by measuring the residual component activity m fresh guinea pig 
serum after fixation This, however, did not disclose whether the adsorbed 
components were functionally active, since under the experimental condi- 
tions employed no visible changes occurred which could be attributed to the 
action of combining complement components However, if the immune 
aggregate employed in fixation is a substrate which upon resuspension and 
appropriate treatment shows a visible manifestation, such as hemolysis, the 

* Aided by a grant from the Commonwealth Fund. 

1 The symbols C'l, C'2 C'3 and C'4 refer to mid-piece, end piece third compo- 
nent, and fourth component respectively in the older terminology (18) In the 
present paper the term “mid piece is used to indicate the CO r insoluble fraction 
of complement (which may often contain C'l C'3, and C'4) the term end piece ' 
is applied to the COi-soluble fraction which may contain C'2 C'3 and C'4 
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nature and r61e of the fixed complement components can then be detexmmed 
The present paper presents the results of an investigation m which sensitized 
sheep red blood cells were used as an immune system to determine the rfile 
of the complement components m immune hemolysis 

Materials 

Complement —Immediately after withdrawal, the blood of normal guinea pigs 
which had been maintained on a high vitamin C diet was placed in the ice box (3-4°C ) 
for about 1 hour The serum was then separated by centrifugation and used promptly 
m the experiments In the experiments reported here the serum was never allowed 
to stand more than 1 hour before use 

A unit of complement was considered to be the smallest amount of a 10 per cent 
ddution of fresh serum which caused 100 per cent hemolysis of 1 cc. of a 2 5 per cent 
suspension of sheep red blood corpuscles containing 5 units of anti-sheep cell rabbit 
serum per cc 

Sheep Red Blood Cells — Defibnnated sheep blood was strained through cotton 
gauze and washed four times with 10 volumes of physiological sahne After the final 
washing the cells were left in a thick suspension, each cubic centimeter of which 
contained approximately 10 billion cells as determined by cell count Care was taken 
that the bloods employed were obtained daily from the same sheep so as to avoid, 
as far as possible, errors due to variations in the resistance of red blood cells to the 
action of complement 

1 cc of a 2 5 per cent dilution of the thick suspension, or 250,000,000 erythrocytes, 
was taken as a unit of sheep red blood cells 

Anti-Sheep Cell Rabbit Serum — The anti-sheep red blood cell rabbit serum con- 
tamed 10,000 units per cc. It was not anticomplementary m twice the quantities 
employed A unit of anti-sheep cell rabbit serum was considered to be the smallest 
amount of antiserum necessary for the complete hemolysis of 250,000,000 red blood 
cells in the presence of 1 unit of complement Nevertheless, 5 units of antiserum was 
always added to each unit of cells m order to avoid errors due to the possible presence 
of a natural hemolysin in guinea pig serum 

Methods 

Specifically Inactivated Complements — Methods for the preparation and assay of 
these have been previously described (17, 26) 

In estimating the degree of fixation of complement or its components by sensitized 
red blood cells, most workers have allowed complement to react with red cell aggre- 
gates for a few seconds, since longer penods at the temperatures employed by them 
(either room temperature or 37°C ) would have resulted in hemolysis, and consequent 
overshadowing of exact fixation data The present authors (17) have shown that 60 
min utes treatment at 1°C results in almost complete fixation of the combining 
components of complement, differing only slightly from fixation at room temperature 
In the experiments reported here fixation was earned out at 1 °C for 1 hour, thus 
achieving fixation without hemolysis 

General Method for the Determination of the R8le of the Components of Complement 
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tn Immune Hemolysis — The reactants (complement, red cells, and antiserum) wen 
combined in amounts previously estimated to contain 40 units each of complement 
and red cell substrate and 200 units of antiserum 

Therefore, to 1 cc. of packed red blood cells (containing 10 billion cells per cc.) 
40 units of undiluted complement 5 were added with mixing, and the mixture was 
chilled to 1 C 1 cc. oi diluted antiserum containing 200 units, previously chilled 
to 1°C was then added and the contents thoroughly mixed the mixture was allowed 
to stand for 1 hour at 1°C At the end of this time it was centrifuged In an angle 
centrifuge at 2750 rjji. at 1°C for 10 minutes The clear supernatants were de- 
canted and tested for their content of complement components by the method pre- 
viously described (17) 

The packed erythrocytes were then resuspended in 30 volumes of 0 9 per cent 
saline, chilled to 1°C. thoroughly mixed and again centrifuged This washing was 
repeated three times The saline washings, except for minute traces m the Initial 
washing contained no complement component activity and were discarded. The 
washed erythrocytes were made up to a volume of 40 cc. with 0 9 per cent saline, so 
that each cubic centimeter contained 1 unit of cells 5 units of anti-eheep cell rabbit 
serum, and the combining components from 1 unit of complement 

1 cc. of each erythrocyte suspension was then incubated at 37°C for 30 minutes. 
If 10 per cent or less hemolysis occurred, a quantity of each specifically inactivated 
complement or individual component equivalent to the amount present in 1 unit of 
complement was added to 1 cc. of the red blood cell suspension, and incubated at 
37°C for 30 minutes. The amount of hemolysis produced was estimated by com 
panson with a senes of standard hemoglobin solutions and expressed as percentage 
of complete hemolysis. The same precautions expressed In previous publications 
(17) were observed in these experiments in order to obtain comparable and reproducible 
data The temperature conditions were rigidly controlled. For the further dan 
£ cation of the data, the per cent hemolysis resulting from the inter reactivations of 
the specifically inactivated complements is induded in each protocol 

The Ftxahon of the Components of Complement by Sensitized Sheep Cells 

In this experiment a comparison of the effects of normal complement and of 
specifically inactivated complements, as well as mid piece and end piece, 
was made by the separate addition of each to a volume of sensitized erythro- 
cytes. The results obtained are summarized m Table I, and reveal the fol 
lowing facts (1) All of 0*4 and C'2 in normal serum was removed or inacti 
vated by the sheep cell aggregates (2) Apparently little C^l and no C^3 
of normal serum were fixed. (3) The inactivation of C'4 by hydrazine previ 
ous to fixation, while it did not markedly influence the combination of C'3 

5 Either untreated complement or specifically inactivated complements equivalent 
to quantities representing 40 units of fresh complement. All specifically inactivated 
complements which had been dilated during inactivation or separation were con 
centratcd by lycrphilization to their original volumes before employment In fixation 
experiments. 
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and C'2, resulted in an increase of the fixation of C'l, since upon the addi- 
tion of end-piece only 40 per cent hemolysis occurred (4) The removal of 
C'3 by the insoluble carbohydrate prepared from yeast resulted m the almost 
complete fixation of the other components of complement (5) The inacti- 
vation of C'l and C'2 by heat inhibited the fixation of C'4 (6) When end- 
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piece which contained C'2, C'4, and a small amount of C'3, was added to 
sensitized sheep cell suspensions, little or no fixation of C'2 and C'4 occurred 
(7) Practically all of C'l was removed or inactivated in the fixation of mid- 
piece, which apparently contained no C'2 or C'4 (8) C'4 did not combine in 

the absence of active C'l 
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These results are s imil a r to those reported m an earher publication (17), 
and show that the direct and immediate inactivation of whole fresh com 
plement by fetation to sensitized red blood cells is due to a union of almost all 
of C'2 and C'4 and a part of C'l As pointed out by Nathan (16) and our- 
selves (N^C'S^does not combine under these conditions 

The N aturejindjttle 'of the Fixed Complement Components 
In order to leamjwhether the inactivation of complement during fixation is 
due tojan actual adsorption of C / 2-C'4 and C'l and whether these com 
ponents are functionally active after fixation, the resuspended cells were 
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treated as outlined m the section of this paper dealing with methods 
The results are shown in Table II, and reveal the following — 

1 The resuspended cells which contained the comb ining components of 1 
unit of complement showed only 10 per cent hemolysis when incubated at 
37°C for 30 minutes, indicating that although C'4 and C'2 and a small amount 
of C'l had combined, another fraction of complement which did not combine 
is necessary for hemolysis The addition of serum deprived of C'4 to the re- 
suspended cells caused 95 per cent hemolysis, while the addition of serum de- 
prived of C'3 yielded a hemolytic titer no greater than that of the resuspended 
cell control. C'3, therefore, although not fixed, is necessary for the final ac 
tion of complement, in this case, hemolysis Apparently, heating of serum to 
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plement produce changes in large quantities of substrate, in that comple- 
ment is thermolabile, and m that the reaction is highly specific He further 
points out that when the substrate is highly concentrated as compared to 
complement, the speed of the reaction is independent of the concentration of 
the unhemolyzed corpuscles He points out that the one argument which 
has been advanced against classifying complement as an enzyme is the fact 
that complement and anti-sheep cell rabbit serum appear to obey the law 
of definite proportions While the data presented here contribute little one 
way or another to the enzymic interpretation of C'l, C'2, and C'4, they appear 
to warrant the classification of C'3 as a catalyst, since this component is not 
fixed and is not used up m the process of hemolysis (13, 16, 20, 21) 

Although Bessemans (22) asserts that mid-piece and end-piece are mutually 
supplementary, others claim that optimal hemolysis results when end-piece 
and mid-piece are present m the same proportions as in normal serum. Par- 
sons (23) states that end-piece must be present m relatively high proportion, 
while mid-piece may be reduced considerably Browning and Mackie (12) 
state that on increasing end-piece, a smaller quantity of mid-piece is needed 
for complete hemolysis Since their experiments were reported before the 
discovery of C'4, the reason for these discordant results is apparent It is 
evident from the experiments reported in the present paper that the activity 
of C'l after fixation is pre-determined by the fixation of C'4 It is probable 
that when mid-piece contains C'4 together with C'l, it is to a certain degree 
supplementary to end-piece Mid-piece devoid of C'4 is not supplementary 
and in fact may prove anticomplementary when used m excess, as has been 
frequently observed, This was clearly indicated in experiments on pure C'l 
(24) In these instances, the adsorbed C'l m the absence of C'4 may occupy 
all of the “key spots” (25) on the red cell-antibody complex and therefore 
prevent further combination by any C'4 molecules 

SUMMARY 

1 At a temperature of 1°C , C'2, C'4, and C'l combine with sensitized 
sheep erythrocytes, while C'3 does not combme 

2 C'l, although comb inin g with sensitized cells in the absence of C'4, is 
hemolytically inert unless C'4 combines previous to, or simultaneously with it 

3 C'4 does not combme m the absence of C'l 

4 Although C'3 is not fixed by antibody-sheep cell aggregates, it is essential 
for hemolysis, operating on the sensitized red cell after the fixation of C'4, C'2, 
and C'l and behaving as if it were a catalyst 
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Between the present lower limits of resolution of electron microscopy and of 
light and ultraviolet microscopy, are fine structures of great interest in almost 
ever) field of natural science, which have hitherto been inaccessible to direct ob- 
servation As examples of some of these structures currently under successful 
examination with the electron microscope, may be mentioned virus (1) and 
phage (2) particles, bacteria (3), antibody films (4, 5), the cuticle of insects 
(6), tracheae, tracheoles, and air sacs of insects (7), the iridescent scales of 
butterflies’ wings (8), nerve and connective tissue fibrils (9), colloidal particles, 
smokes, fumes, plastics, pigments, insecticides latex, the surfaces of polished 
metals (10), and the silver grains on photographic plates (11) 

The electrons emitted from the electron gun are subjected to an electro- 
magnetic field which acts as a condensor lens and causes them to follow parallel 
paths m a narrow beam along the axis of the instrument This beam passes 
through the object and thence through a narrow collecting aperture, through 
electromagnetic objective lens and projector lens, and finally to form the image 
on the fluorescent viewing screen or photographic plate Electrons which pass 
through the object undeflected of course contribute to the brightness of the 
image, any electrons which are sufficiently deflected m the object so that they 
do not pass through the collecting aperture do not contribute to the brightness 
of the image The image actually formed therefore is essentially a record of the 
amount of electron scattering from each point in the object points m the object 
appear dark m proportion to the number of electrons they deflect sufficiently so 
that they do not enter the collecting aperture. 

The deflection or scattering of electrons of given velocity m passing through 
matter is pr imar ily caused by interaction with the positive charge on the atomic 
nucleus and with the negative space charge of the satellite electrons Both 
nuclear charge and number of satellite electrons are porportional to the atomic 
number of the element in question The probability that electrons of given 
velocity will be deflected through a given angle m passing through the object 
.will be proportional, to a first approximation to the product of the density times 
'the thickness of the object traversed or to the summation of the products of 
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concentrations times atomic weights of the component atoms of the object 
multiplied by the thickness of the object Although the mechanism of image 
formation is different, electron micrographs may therefore be considered 
analogous to x-ray pictures, since the darkness and brightness depend on the 
thickness and density of the specimen 

It follows immediately from these considerations that any thin g which in- 
creases the mean concentration or mean atomic weight of atoms m any part of 
the object will proportionately increase the darkness of the electron image of 
that part of the object If heavy atoms can be attached selectively by chemical 
or other means to any part of an object, contrast m the image should be selec- 
tively altered and a result obtained equivalent to differential staining m an ob- 
ject viewed with visible light 

It has occurred to the senior author that the familiar heavy-metal germicides, 
as a class of reagents which do react selectively with certain components of pro- 
toplasm, have interesting possibilities m this connection Fildes (12) has ad- 
vanced evidence to indicate that the germicidal action of diffusible mercury salts 
m particular is attributable to then ability to form salts with sulfhydryl groups 
in the cell, heavy metal ions are known also to form salts, under proper condi- 
tions, with acidic groups of proteins 

Heavy metal salts have therefore been tried as a possible introduction to a 
future technology of selective "staining” for electron micrography Although 
opportunity has not yet been afforded for systematic study of the factors in- 
volved, the results offered herewith show that selective increase m contrast, as a 
result of chemical action, is readily obtainable An incidental finding of no 
little interest is that electron micrography affords a means of observing the 
action of at least certain classes of germicides on individual bacterial cells 

Materials and Technique 

A strain of Fusobacteruim, whose morphology under the electron microscope has 
been described (13), grown anaerobically on cysteme-ascitic fluid broth 

EberiheUa typhosa (strain P115) grown on plain nutnent agar Titration of this 
strain against 0, O-H, and Vi 1 antisera gave strong agglutination with the O and 0-H 
sera, but none with Vi antiserum The sera of rabbits injected with PI IS showed 0 
and H agglutinins but no Vi agglutinin Since strain PI 15 is an old laboratory strain 
it may be concluded that it has lost its Vi antigen 

Shigella dysenteriae and Vibrio comma, grown 22 hours on infusion agar slants 
Both are old laboratory strains giving typical biochemical reactions, the question of 
their virulence has not been tested recently 

Stock solutions of heavy metal salts were prepared as follows Sdver nitrate dis- 
solved in distilled water to make a 3 molar solution The reaction of this solution was 
pH =37 Lead acetate was dissolved in distilled water to mak e a solution of 0 59 m 

1 For thi s ser um we are mdebted to Dr Morton Klein of the Department o f Public 
Health and Preventive Medicine 
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concentration , pH *“5 6 Mercuric chloride was dissolved in distilled water to make 
a solution of OJ22 u concentration, pH »• 3.5 These stock solutions were diluted as 
indicated m the text 

The bactcna were suspended in distilled water and placed in a droplet from a 
capillary pipette on a thin collodion film supported on a fine nickel screen Difficulty 
has been encountered in earlier work In that any impurities dissolved or suspended 
dned around the object and obscured or complicated the picture One of us has 
therefore introduced a ‘wash-off” technique 

The minute drop containing the specimens is placed on the mount and the latter is 
held in a forceps for about 50 seconds so as to allow some of the bacteria, (or other 
specimens), to settle on and adhere to the collodion film. The edge of the droplet on 
the mount fa then touched to the meniscus of distilled water In a test tube held nearly 
horizontally The droplet is violently propelled off the mount into the water by 
surface tension forces, leaving the sedimented bacteria on the collodion film relatively 
free of impurities. After this washing process has been repeated, the preparation fa 
allowed to dry in air and introduced into the microscope 
In the present study this technique has been extended to allow the interaction of 
reagents, (germicides, immune serum), with the specimen. The droplet fa placed on 
the mount a droplet of the reagent an another capillary pipette is touched to the 
droplet containing the specimen at a given moment Interaction and settling is al 
lowed to proceed, if necessary m a moist chamber, for the desired time and the reagent 
fa then washed away by touching the drop to a meniscus of water as described above. 
It is thus possible to follow as a function of time morphological changes produced In 
bacterial cells by chemical reagents or immune sera (14) 

RESULTS 

For the pictures that follow the germicidal solution and bacterial suspension 
were mixed in approximately equal volumes and allowed to interact for about 
30 seconds The acidity of the reagent solutions and osmotic influences may 
well have conditioned the results to a minor degree, but the striking effects 
obtained must have been caused primarily by the chemical reagents 

Fig 1 shows cells of Fusobadenum dned from distilled water as a control. 
The protoplasm appears gray and fills most of the cells except for the tips in 
which the cell walls free of inner protoplasm can be seen (13) Fig 2 shows cells 

of the same suspension of Fusobadenum after mi xin g with the 3 molar silver 
nitrate solution, exposure to approximately 1.5 molar silver nitrate solu 
tion) The cell walls are unstained but the inner protoplasm is rendered opaque. 
Our interpretation is that the silver, as ions or otherwise, diffused rapidly 
through the cell wall and combined with the inner protoplasm 
Fig 3 shows a cell of Fusobadenum after mixing with the 0.22 u mercury 
bichloride solution. The bacterial protoplasm is darkened and shrunken 
away from the cell wall Fig 4 shows Fusobadenum after mixing with &59 
li lead acetate. Darkening is less apparent than with the silver or mercury 
salts, although the impression of coagulation and shrinkage of the protoplasm is 
even stronger than with the Ag and Hg salts 
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Fig 5 shows cells of Eberthella iyphosa dried from distilled water as a control 
The flagella are uniform and distinct but afford relatively httle contrast with the 
collodion film on which they are mounted In Fig 6 are shown cells from a 
suspension of E typhosa after mixing with 3 h AgN0 3 The flagella have been 
completely destroyed and the protoplasm is black The cell wall as in the case 
of Fusobactenum appears not to be “stained” by the silver The entire cells 
are very much smaller than in the control, suggesting shrinkage 
Fig 7 shows cells of E Iyphosa after mixing with 0 59 m Pb(Ac) s The bac- 
terial cells are swollen and protoplasm has escaped to form a diffuse halo about 
the cells These swollen cells are an interesting contrast to the cells shrunken 
by exposure to AgNOj shown in Fig 6 Figs 6 and 7 are from the same bac- 
terial suspension and at the same magnification The flagella of the typhoid 
bacilli treated with Pb(Ac) 2 , (Fig 7), are darker than those of the control but 
are not perceptibly thickened In the areas adjacent to the cells in which the 
flagella are surrounded by escaped protoplasm they appear to be bounded by a 
double dark line with a hght axial line between them (Fig 7 a ) , this is probably due 
to the accumulation of the dissolved protoplasmic components against the flagel- 
lum in drying of the preparation, and does not support the suggestion that 
flagella might be hollow tubules 

Fig 8 shows cells of Shigella dysenieriae suspended in distilled water for a few 
minutes and rapidly dried The protoplasm fills the cell walls completely 
except m the case of one apparently partially cytolyzed bacterium Areas of 
increased density are seen near the poles of the cells 
Figs 9 to 11 show cells of the same suspension of Slngella exposed for 30 
seconds to 0 14 u(i e isotonic) solutions, respectively, of AgN0 3 , Ni(N0 3 )s, and 
Pb(Ac)s In the cells after exposure to AgN 0 3 , (Fig 9), the protoplasm is 
darkened and m some cells shrunken away from the unstained cell wall In 
Figs 10 and 11 the darkening of the protoplasm is m a number of cells limited to 
a part of the periphery of the inner protoplasm but is very intense 

Figs 12 and 13 show cells of Vibrio comma suspended and rapidly dried from 
distilled water Fig 14 shows cells of this same suspension of cholera vibnos 
after 10 seconds exposure to Pb(Ac) s m 0 29 M concentration Close inspection 
of the cells shows a fine dark line bounding the protoplasm within the cells 
This is evidently the protoplasmic membrane (15) or limiting surface of the 
inner protoplasm, stained by the penetrating lead In some of the cells also 
exudation of the protoplasm as a result of injury may just be seen to be be- 
ginning In Fig 15, which is another field of the same preparation as in Fig 
14, there has been more exudation of protoplasm from injured cells 
The darke nin g and thickening of flagella and cell walls through combination 
with specific antibody to form antibody films have been demonstrated (5, 14) 
Chemical reagents selectively altering cell walls and flagella will also doubtless 
be found with further search 
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SU1QIARY 

The physical basis of contrast and image formation m electron micrography is 
considered in relation to the possibility of recording selective chemical effects on 
cell components. A technology of selective microchenucal analysis, equivalent 
to differential staining, is suggested as practicable in electron micrography 
Electron pictures of bacteria after exposure to salts of heavy metals have 
shown the bacterial inner protoplasm, but not the cell walls, to be selectively 
darkened, shrinkage, coagulation, or escape of protoplasm from the injured cells 
may result and be recorded m the electron micrographs 
Recording of the action of germicidal agents on individual bacterial cells is in 
(licated as one promising field of application of microchemical analysis with the 
aid of the electron microscope 
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Fig 5 shows cells of EbertheUa typhosa dried from distill ed water as a control 
The flagella are uniform and distinct but afford relatively little contrast with the 
collodion film on which they are mounted In Fig 6 are shown cells from a 
suspension of E typhosa after mixing with 3 u AgNO a The flagella have been 
completely destroyed and the protoplasm is black The cell wall as in the case 
of Fusobadenum appears not to be “stained” by the silver The entire cells 
are very much smaller than m the control, suggesting shrinkage 
Fig 7 shows cells of E typhosa after mixing with 0 59 M Pb(Ac) 2 The bac- 
terial cells are swollen and protoplasm has escaped to form a diffuse halo about 
the cells These swollen cells are an interesting contrast to the c ells shrunken 
by exposure to AgNOa shown m Fig 6 Figs 6 and 7 are from the same bac- 
terial suspension and at the same magnification The flagella of the typhoid 
bacilli treated with Pb(Ac) 2 , (Fig 7), are darker than those of the control but 
are not perceptibly thickened In the areas adjacent to the cells m which the 
flagella are surrounded by escaped protoplasm they appear to be bounded by a 
double dark line with a hght axial fine between them (Fig 7a),thisisprobablydue 
to the accumulation of the dissolved protoplasmic components against the flagel- 
lum m drying of the preparation, and does not support the suggestion that 
flagella might be hollow tubules 

Fig 8 shows cells of Shigella dysentenae suspended m distilled water for a few 
minutes and rapidly dried The protoplasm fills the cell walls completely 
except in the case of one apparently partially cytolyzed bacterium Areas of 
increased density are seen near the poles of the cells 

Figs 9 to 11 show cells of the same suspension of Shigella exposed for 30 
seconds to 0 14 M (t e isotonic) solutions, respectively, of AgN0 3 , Ni(N 03 )j, and 
Pb(Ac)s In the cells after exposure to AgNO s , (Fig 9), the protoplasm is 
darkened and in some cells shrunken away from the unstained cell wall In 
Figs 10 and 11 the darkening of the protoplasm is in a number of cells limited to 
a part of the periphery of the inner protoplasm but is very intense 

Figs 12 and 13 show cells of Vibno comma suspended and rapidly dried from 
distilled water Fig 14 shows cells of this same suspension of cholera vibrios 
after 10 seconds exposure to Pb(Ac)j in 0 29 m concentration Close inspection 
of the cells shows a fine dark fine bounding the protoplasm within the cells 
This is evidently the protoplasmic membrane (15) or limiting surface of the 
inner protoplasm, s tain ed by the penetrating lead In some of the cells also 
exudation of the protoplasm as a result of injury may just be seen to be be- 
ginning In Fig 15, which is another field of the same preparation as in Fig 
14, there has been more exudation of protoplasm from injured cells 
The darkening and thickening of flagella and cell walls through combination 
with specific antibody to form antibody fi lms have been demonstrated (5, 14) 
Chemical reagents selectively altering cell walls and flagella will also doubtless 
be found with further search 
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EXPLANATION OF PLATES 
Plate 11 

Fig 1 Pusobactenum Cells dned from distilled water Magnification X 
12,500 

Fig 2 Fusobaclenum Cells after exposure to 15 m AgNOs solution X 

12,000 

Fig 3 Fusobadenttm Cells after exposure to 0 11 m HgCl 2 solution X 

12,000 

Fig 4 Fusobactenum Cells after exposure to 0 28 m Pb(Ac) 2 solution X 

12,000 





Plate 13 

Fig 7 a EberthcUa typhosa Area of Fig 7 at higher magnification to show 
appearance of double, dark lines bounding flagella where they are surrounded by 
escaped protoplasm X 22,500 

Fig 8 Shigella dysentenae Cells dried from distilled water X 7,000 

Fig 9 Shigella dysentenae Cells after exposure for 30 seconds to 0 14 m Ag- 

N0 3 X 7,500 

Fig 10 Shigella dysentenae Cells after exposure for 30 seconds to 0 14 m 
Ni(NOj)j X 7,500 

Fig 11 Shigella dysentenae Cells after exposure for 30 seconds to 0 14 M 
} b(Ac) 2 X 7,500 

/ 

/ 




Plate 14 

Fig 12 Vibrio coinvia Cells dried from distilled water X 7,500 

Fig 13 Vibrio comma Cells dried from distilled water X 7,500 

Fig 14 Vibrio comma Cells after 10 seconds’ exposure to 0 29 m Pb(Ac)s X 

7,500 

Fig 15 Vibrio comma Cells after 10 seconds’ exposure to 0 29 m Pb(Ac)s X 

7,500 
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A SEROLOGICAL CLASSIFICATION OF VIRIDANS STREPTOCOCCI 
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The classification of the randans streptococci has long been considered in- 
adequate Serological methods bo far employed have shown them to be a 
heterogeneous group of organisms, while biochemical and cultural methods 
have yielded only a partially satisfactory species identification Since these 
organisms are widely distributed on normal mucous membrane surfaces, it 
would help considerably m understanding the pathogenesis of infection in such 
a disease as bacterial endocarditis if the potential pathogens among the sapro 
phytic forms of randans streptococci could be identified With this m mmd a 
study of the group or type relationships among the randans streptococci from 
several sources was undertaken 

Although the results fail to distinguish pathogenic forms m this group of 
bacteria, they offer a more exact method for the study of the epidemiology of 
infections with randans streptococci. 

The separation of all streptococci into hemolytic, vtridans and Indifferent forms 
as first evolved by Schottmuller (1) and subsequently worked out by Brown (2) has 
been a profound and useful means of differentiation. We know now, however, that 
it is not possible to draw such rigid lines between species of streptococci based upon 
their action on blood agar It is well recognized, for example that some members 
of all the Lancefield groups appear as green producing streptococci and also that 
some strains among the so called Streptococcus saltvarius or Streptococcus faecalis give 
reactions on blood agar ranging from the typical alpha hemolysis to the gamm a or 
anhemolytic type. 

Furthermore, given rnndans streptococci the subsequent differentiation of these 
into spedes offers great difficulties. The fermentation of certain sugars as well as 
the possession of one or more other biochemical properties has been utilized in at 
tempts to classify these organisms Sherman and his coworkers (3 a-d) have in 
recent years made an exhaustive study of the ttrtdans streptococci By the applica 
bon of several biochemical tests they have classified the vtridans streptococci into 
three large species Streptococcus salbanvs Streptococcus eqmnus and Streptococcus 
faecalu There is however considerable overlapping and the identification of a 
particular strain is frequently impossible 

Serological methods for classification have not thus far proven successful At 

* Submitted in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy in the Faculty of Pure Science Columbia University’ 
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tempts at grouping by agglutination and agglutinin absorption, complement fixation, 
and precipitation have yielded disappointing results Krumwiede and Valentme 
(4) found no relation between agglutinative and cultural characteristics of the vtndans 
streptococci in a study of twenty-three colony strains from eight normal throats 
Kinsella and Swift (5), in a study of twenty-eight strains usmg agglutination and 
complement fixation reactions, were unable to show correlation between the group- 
ings determined by these methods and those determined by fermentation reactions 
Furthermore, each streptococcus was antigemcally distinct Hitchcock (6a) cor- 
roborated the complement fixation results of Kinsella and Swift With apparently 
no exceptions, all attempts to correlate antigenic strains by means of agglutination, 
a ggFitinm absorption, and complement fixation to either fermentative group, source 
of culture, morphology, or indeed any other property of the virtdans streptococci 
have demonstrated the heterogemcity of these organisms 

In 1925 Lancefield (7 a) reported on the immunological relationships of the virtdans 
streptococci usmg purified chemical fractions of bactenal bodies Under appropriate 
conditions, two different antibodies could be produced one, an antibody for the bac- 
terial protein (P) which showed group reactions with proteins from related species, 
and the other, an antibody for the non-protem, probably carbohydrate substance (S) 
This soluble specific substance was antigenic only when in the intact bactenal cell 
The antibody for this was precipitated by the carbohydrate chemically extracted 
from the cell, and was closely related to specific agglutination of the homologous 
bactena When intact bactena, then, were used for immunization, not only were 
specific antibodies produced, but also non-specific antibodies whose presence could 
be tested for by precipitation and complement fixation with protein fractions of the 
homologous and heterologous strains Such P antibodies in serum might well be 
responsible for the non-specific cross-agglutination The results that Lancefield 
obtained corroborated those of Kins ella and Swift (5) and Hitchcock (6 f>) m demon- 
strating group crossing among hemolytic and non-hemolytic streptococci and among 
streptococci and pneumococci as due possibly to the presence of similar protein frac- 
tions m these closely related species These antigenic relationships were determined 
from a careful study of four strains of vtndans streptococci isolated from bactenal 
endocarditis, although a few additional strains were tested to confirm the results 
Satisfied that the carbohydrate substance could be utilized to determine the anti- 
genic specificity of the non-hemolytic streptococci, Lancefield branched from here to 
studies on the hemolytic forms It was observed by Hitchcock (6 a) and confirmed 
by Lancefield (7 b, c) that the beta hemolytic streptococci also contained a carbohy- 
drate “C” substance which was not type specific That this “C” substance was be- 
lieved to be identical in all hemolytic streptococci was accounted for by the fact that 
in these studies the strains were all from human sources When streptococci from a 
wide variety of animal sources were studied it was observed that the “C” substance 
found m human strains was not present in strains from other sources The possibility 
then presented itself that these organisms could be differentiated by means of similar 
“C” substances separate and distinct from those of human strains This indeed 
has been established and is the basis for the Lancefield classification of the hemolytic 
streptococci A concomitant stream of investigations on the antigenic mosaic of 
these orga nisms c ulmin ated m the work of Griffith (8) He demonstrated that with 
a rapid slide agglutination technique, the hemolytic streptococci from human rnfec- 
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tions could be subdivided further into twenty-seven types. These antigenic types 
were determined, as later revealed by Lance field, by the presence of an acid-soluble 
protein component “M,” separate and distinct for each type. 

Since the hemolytic streptococci lend themselves to an orderl) classification, 
based upon the presence of a “C” substance within the bacterial body, it might 
be reasonable to assume that the vindans streptococci con tainin g similar “C” 
substances would also lend themselves to an orderly classification, although 
such a classification might reveal type rather than group relationships It 
was believed that a reapplication of methods now carefully worked out for the 
hemolytic streptococci to a large number of vindans streptococci might indicate 
such group or type relationships. 

Methods and Procedures 

Strains of viridans streptococci were isolated from several sources (1) from blood 
cultures of patients clinically diagnosed as subacute bacterial endocarditis, (2) from 
human throats, and (3) from extracted teeth The majority of endocarditis strains 1 * * 
were isolated within the last 3 years, although a few of them date back several years. 
Wherever possible, freshly isolated strains were used and tested as soon as they were 
made available in the laboratory The vindans streptococci from human throats and 
extracted teeth were obtained for comparative purposes The throat strains were 
Isolated by picking typical single colonies from routine throat culture plates sent to 
the diagnostic laboratory of the Presbyterian Hospital, the extracted tooth strains* 
by streaking the tooth immediately upon extraction upon the surface of a blood agar 
plate Typical single colonies were picked from the plates after incubation at 37°C. 
The reason for extraction, m most instances was the presence of abscesses and a 
goodly proportion oi these plates when so streaked showed almost pure cultures of 
green streptococci 

For further comparison a few strums of viridans streptococci from the vaginas of 
young infants and children were included.* These strains were already isolated in 
pure culture 

Extracts of all strains of vindans streptococci were tested first against all the 
hemolytic group scrums since it is known that some members of all the hemolytic 
groups may appear as green producing streptococci 

Immune serums were prepared against groups A, B, C, D, E, F G II, and K. of the 
beta hemolytic streptococci. One culture 4 in each group was used to immunize a 

1 Vindans streptococci from bacterial endocarditis were obtained from the diag 
nostic laboratory of the Presbyterian Hospital through the courtesy of Dr F B 
Humphreys and Dr II. M Rose and from the diagnostic laboratory of ML Sinai 
Hospital through the courtesy of Dr G Shwartzman. Additional strains from this 
source were received from Dr R. Lanccfield, and from Dr W TDieL 

* The extracted teeth were obtained through the courtesy of the Division of Oral 
Surgery of the School of Dental and Oral Surgery Columbia Umv ersity 

* Vindans streptococci from this source were very kindly supplied by Dr G Hardy 

4 The hemolytic streptococci used in preparing hemolytic group serums were 

obtained through the courtesy of Dr R. Lanccfield, Dr G Hobby and Dr J Coffej 
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pair of rabbits, except in groups B and D in which two cultures of different types were 
used Serums were tested with at least one heterologous organism within the group 
as well as with members from all the other groups 
Eighteen strains of vtrtdans streptococci freshly isolated from cases of bactenal 
endocarditis and rune strains freshly isolated from human throats and extracted teeth 
were selected arbitrarily Two rabbits were immunized with each culture Serums 
were tested with extracts of the homologous organism When a satisfactory antibody 
response was obtained, as determined by a positive precipitin reaction, the serums 
were then tested not only with all the vtrtdans streptococci but also with the available 
beta hemolytic streptococci from the several hemolytic groups 

The cultures of vtrtdans streptococci were classified by their biochemical activities 
according to the method of Sherman and a comparison of these results with those 
obtamed serologically was made 

Preparation of Immune Serum — Babbits were immunized according to the method 
of Lancefield The bactenal sediment from an 18 hour nutnent broth culture was 
suspended in 0 2 per cent formalin in saline and in 1 /20 the volume of the onginal 
culture The suspension was stored in the refngerator m a tightly stoppered bottle, 
and was tested for sterility after at least 1 week Immediately before use a 1 20 dilu- 
tion of the formolized cell suspension was prepared 

Each rabbit received several senes of injections A senes consisted of five injec- 
tions of 1 ml on consecutive days of 1 week followed by a week of rest 5 days after 
the last injection of the second senes and every senes thereafter, test bleedings were 
made, serum collected, and stored in the refngerator without a preservative Many 
of the vtrtdans streptococci gave a satisfactory antibody response after two or three 
senes of injections 

Antigen Extract — The antigen extracts were prepared by a modification of the 
Lancefield technique The bactenal sediment from 50 ml of an 18 hour nutnent 
broth culture was suspended in 2 mL of n/20 HCI in 0 85 per cent saline The tube 
was then immersed in boiling water for 15 minutes, cooled under running water, and 
centrifuged The supernatant was then removed and to it was added a drop of 0 04 
per cent brom thymol blue It was then neutralized with N/2 NaOH, centrifuged, 
and the sediment discarded The remaining supernatant contained the antigen and 
was used in the precipitin tests 

Prectptitn Test — The microtechnique was used for the precipitin tests 0 04ml 
of serum was placed in specially tapered tubes, and 0 04 ml. of extract was layered 
over it In some tests the sequence of delivery was reversed The tubes were ex- 
amined for ring formation after 30 minutes at room temperature, and again after 30 
minutes at 37°C in the water bath The contents of the tubes were then thoroughly 
mixed, placed m the refngerator, and observed the next day, and then again after 
48 hours, for precipitate or disc formation The tests were earned out on undduted 
extracts and serums All serums were controlled by testmg with the homologous 
organism and with a saline control. 

Reactions were recorded as follows + +, very strong positive, +, definite positive, 

±, weak but d efini te positive, ?, questionable positive, —, negative 
More than 50 per cent of the tests were repeated two or three times for the serum 
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of any particular tnal bleeding, and at least two different HC1 extracts were tested 
The remaining tests were done only once with the scram giving the strongest positive 
reaction with the homologous strain. The individual serums of each pair of rabbits 
immunized with the same culture were tested with the homologous and representative 
heterologous strains. The tabulated data, however record the results for the serum 
from each pair of rabbits which gave the stronger positive reactions. 

Concomitant Biochemical Tests 

Temperature Limits of Growth — These were determined in litmus miTi- The cul 
tures were adjusted to incubation temperature immediate!} after inoculation The 
temperature limits tested for were 10°C and 45°C All cultures were controlled by 
testing for growth in litmus milk at 37°C 

Thermal Resistance — 5 ml. of skimmed milk were inoculated with 0 5 ml of the 
test culture, and heated for 30 minutes at 60°C in a water bath 

Salt Tolerance Test — The ability to grow in media containing a high salt concen 
trution was tested for by adding salt to 0J> per cent glucose broth to make a final 
concentration of 6 5 per cent NaCL Tubes of this media were Inoculated with the 
test cultures and incubated at 37°C for at least 1 week before observations on g ro w th 
were made 

Fermentation Reactions — These were observed in meat extract broth containing 1 
per cent of the test sugar and 0 0007 per cent brom cresol purple. Tests were read 
after 4 days’ incubation at 37°C 

Final pH — The final pH was determined In 1 per cent glucose broth. The tubes 
were incubated for 1 week at 37°C Determinations were made with a glass electrode 
potentiometer 

All cultures were man tain ed in nutrient broth containing one drop of sheep s 
blood and were transferred monthly or bimonthly Pre l i min a r y observations on 
macroscopic nnd microscopic morphology and on the appearance of the alpha type of 
hemolysis were made on all cultures. 

RESULTS 

Serological — A total of 108 strains of vtndarts streptococci from bacterial 
endocarditis and 99 strains from throats and extracted teeth were tested with 
serums prepared against the beta hemolytic groups A, B (two types), C D 
(two types), E, F, G, H, and K. It was found that all except two failed to give 
precipitin reactions with any of these serums Of the two exceptional cultures, 
one, SA5, from bacterial endocarditis, was a group G strain, the other, DSA34, 
from a human throat, a group El strain Both strains appeared to give typical 
vindans reactions on sheep’s blood agar It is of interest to note that the two 
strains failed to give a precipitin reaction with any of the serums prepared 
against the endocarditis or throat and abscessed tooth strains 

Smce SA5 which reacted with group G was isolated quite early in the study, 
thra culture was used to immuniz e a pair of rabbits in order to test cross-reac 
tions with group G cultures. This serum was difficult to prepare SA5 grows 
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Each serum was tested repeatedly with extracts from every strain, but only positive reactions are record 
* Of these 107 strains, there were 33, extracts of which failed to react with any of the serums 
J Indicates endocarditis serums serums prepared against str ai ns isolated from bacterial endocarc 
Undaggered ser ums indicate those prepared against strains isolated from throats or extracted te 
§ None of these ser ums reacted with endocarditis strains 
|| +, + +, indicate reaction of serums with homologous strain 
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i Scrums Prepared a[amst Strains Isolated (a) from Bacterial Endocarditis and (fi) from 
ed Teeth 

i cues of tubcait* bacterial endocarditis 
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veiy bghtly and quite slowly in nutnent, blood, or glucose broth so that the 
preparation of the culture for immunization was both tedious and difficult 
Although a weak positive reaction appeared after the fourth senes of injections, 
nevertheless several additional senes were given in the hope that the antibody 
response might be increased This was not found to be the case Indeed the 
precipitin reaction appeared to become weaker in some of the later senes 
However the serums prepared against SA5 gave a weak but definite positive 
reaction with two group G cultures 

The mndans streptococcus DSA34, from a human throat, which fell into 
group K was not used for immunizing rabbits, since it was isolated in the latter 
part of the survey 

The results of the precipitin reactions of 107 strains from endocarditis and 
98 strains from throats and extracted teeth with serums prepared against 
strains of streptococci from both sources are shown m Tables I and n, and 
Fig 1 It is seen from Tables I and H that 14 serological groups have so far 
been established 74, or 69 2 per cent, of the 107 endocarditis strains fall into 
one or more of 8 groups, and 33, or 30 9 per cent, cannot be grouped with the 
serums available 62, or 63 2 per cent, of the 98 throat and extracted tooth 
strains fall into one or more of 9 groups, and 36, or 36 8 per cent, cannot be 
grouped with the serums now available Since the throat and extracted tooth 
strains showed no significant differences among themselves m their group rela- 
tionships or biochemical behavior, they have, for comparative purposes, been 
combmed and considered here as one source 

Exa mination of Tables I and H reveals that group reactions are, on the whole, 
remarkably free from cross-reactions Among the endocarditis strains (Table 
I) five-SA132, SA131, SA31, SA306, and SA30, gave evidences of some crossing 
Despite the fact that SA132 and SA131 reacted with serums of groups VI and 
VTTT respectively, they' have nevertheless both been assigned to group I since 
they reacted with five and six serums, respectively, of the seven serums com- 
prising group I SA31, although it reacted with one serum (R1014) in group 
H, was likewise assigned to group I since it too reacted with five of the seven 
serums of group I SA306 reacted with but one serum respectively m both 
groups I and II Since there are as yet no instances of group II strains crossing 
with group I serums, and there is one instance of a group I strain crossing with 
group II (SA31), it seemed advisable at the moment, though perhaps question- 
able, to assign SA306 to group I SA30 reacted with one serum of group IV, 
but since it reacted with four of the five serums of group II, it was assigned to 
group II Among the throat and extracted tooth strains (Table H) two, 
CSA19 and DSA42, gave some evidences of crossing Here too despite the 
fact that they reacted with groups V and XII respectively, since each reacted 
with six of the seven serums in group I, they both have been assigned to the 
latter group 
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The reactions of serum R1003 (Table H) present a more diffi cult problem in 
allocation Of the throat and extracted tooth strains reacting with tins serum, 
six gave reactions with several serums of other groups, namely, one DSA53 with 
five scrums of group I, the other five, DSA36, DSA20, DSA32, DSA3, and 
DSA6, with three or four serums of group II. The homologous strain GSA5 
reacted only with the serum prepared against it (R1003) It might have been 
possible to assign this serum as another m group II This seemed rather ques- 
tionable since onl> five of the thirteen strains in group II gave reactions with 
this serum and since the homologous strain failed to react with group II serums 
or mdeed any other serums It seemed wiser to record the findin gs as such 
without making any definite assignment as to group 
Fig 1 presents the break-down of endocarditis strains and throat and ex 
tract ed tooth strains mto their various serological groupings. Groups I, H, 
and IV contain vindans streptococci from both sources in approximately the 
same distribution groups HI, V, VI, VH, and V1H contain only endocarditis 
strains, groups DC-XIV contain only throat and extracted tooth strains 
Since approximately 50 per cent of the reacting strains from each source fall 
mto groups I and IT, the similarity among strains from both sources becomes 
evident, and strongly suggests that there is no essential difference between the 
mrtdans streptococci from each of these sources It is indeed interesting to 
note that strains from both disease and non-disease sources are found to have 
similar group relationships 

In this connection it should be mentioned that a few strains of r infant 
streptococci, 15 in number, isolated from the vaginas of young infants and 
children, were tested with serums from groups I, II, IH, and IV All of these 
strains failed to react with any of the serums, with the exception of one strain 
which gave a weak positive reaction with two serums from group L 
Ten of the strains from endocarditis received from Dr La n cefield had been 
maintained in the laboratory for several years, including among them several 
she herself used in her original work with the vtndans streptococci (1925) 
Six of these strains reacted with endocarditis group serums, of which three fell 
into group I, two mto group II, and one into group IV This suggests that age 
does not change or destroy the antigenic structure of these organisms 
It must also be noted that among the 107 strains from endocarditis, five were 
represented m duplicate. The second culture of each pair was taken at 
intervals of 1 to 2 months after the first. They showed consistently similar 
pictures with the exception of one pair That is, each of the duplicates of 
four pairs fell into the same group as its predecessor, the fifth pair did not do so 
One member of the pair, the later culture, fell mto group I, the earlier culture 
failed to react with any of the group serums 

Examina tions of Tables I and II show that not all serums prepared against 
organisms of a single group give precipitin reactions with every member of that 
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group In Table HI the individual serums of groups I and II are listed and 
the number of strains within these groups which react with each serum is indi- 
cated It is seen that the number of reacting strains wi thin a group vanes 
with the serum used For example, when serum R57 was used to test endo- 
carditis strains, 40 of the 44 strains within the group gave positive reactions 
However, serum R1015, tested against the endocarditis strains, gave positive 
reactions with only 25 of the 44 strains within this same group The number 
of missed strains decreases when many serums within a group are used for 
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Fig 1 Per cent of mndans streptococci occurring m serological groups I-XIV 

testing It should also be emphasized that groups I and H which contain 
the larger number of reacting strains from both sources were determined by 
serums prepared against 7 or 5 different strains, whereas the remaining groups 
(see Tables I and II) were determined by serums prepared against one or two 
strains Similar findings to these have been observed among the beta hemo- 
lytic group reactions Different organisms used for immunization may produce 
serums with varying breadth of antigenicity, thus possibly accounting to some 
extent for these variations in precipitin reactions The importance, therefore, 
of using as many strains as possible within a group for unmumzatioE becomes 
self-evident 

Biochemical — A study of the biochemical activities of the mndans strepto- 
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coca from^bacterkl endocarditis and throat and extracted teeth also was 
earned out An attempt was made to correlate these findings with the antr- 

TABLE in 


Tkt Number of Strains of tiridans Streptococci GnupaUe by the Us* of Indtnduol Serums i eiikin 
Groups I and II 
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TABLE IV 

The Relation of Serotopcal Classification to Species Identification of Streptococcus tiridans 
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20 
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genic groups It will be seen from Table IV, that of 100 strains from endo- 
carditis submitted to the various biochemical tests suggested by Sherman cl al 
for the differentiation of vmdans streptococci, 82 or 82 per cent could be 
designated as Streptococcus salwantis The remaining 18 per cent were com 
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posed of a heterogeneous group whose demarcation into other streptococcus 
species was difficult to make Of 80 throat and extracted tooth strains sub- 


TABLE V 

Relation of Biochemical Properties of Strains of mndans Streptococci to the Serological Grouping 
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jected to the same study, 60 or 75 per cent could be designated as Streptococcus 
sahvanus, the residual heterogeneous group of 20 strains also giving difficulties 
in species identification 

Further analysis of Table IV shows that 81 per cent of the Streptococcus 
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saltvarws strains from bacterial endocarditis are groupable with the serums 
now available, as compared with 87 per cent from throats and extracted 
teeth 19 per cent of the Streptococcus sahvanus strains from bacterial endo- 
carditis are unclassified serologically as compared with 13 per cent from throats 
and extracted teeth Of the undetermined species among the endocarditis 
strains, 22 per cent can be grouped with the serums now available, 78 per cent 
cannot be thus grouped. Among the throat and extracted tooth strains which 
are species undetermined, 45 per cent can be grouped by the available serums, 
55 per cent cannot be thus classified 

Table V show3 the relation between antigenic groups and the various bio- 
chemical properties exhibited by the vxndans streptococci. There is no obvious 
correlation between any particular biochemical property and the serological 
grouping, although the similarity of strains from both sources is apparent. 
Furthermore the distribution of Streptococcus saltvanus strains, which con 
stitute the large body of identified organisms, parallels rather closely the 
numerical dis tribution of strains within each serological group The confusion 
encountered in allocating any particular strain to a species by m e ans of the 
determinative tests employed for speaes identification, cannot be over- 
emphasized Fermentation reactions are known to be variable The other 
diagnostic properties here used, thermal resistance, temperature limits of 
growth, ability to grow in media containing a high salt concentration, were also 
found to be variable A particular strain by virtue of the results of some of the 
tests might be classified within a definite species, but the results of the re- 
maining tests might or might not be corroborative Such a comparative study 
of the biochemical and immunological behavior of the t nrtdcns streptococci 
reveals once a gam the greater definitive value of serological methods m break 
mg down what at one time might have been considered a homogeneous speaes 
V into a number of distinct immunological groups 

DISCUSSION 

It a apparent from the data presented that the nruians streptococci arc 
amenable to classification by serological methods A total of 207 strains of 
mndans streptococci from several sources were subjected to analysis Two 
strains fell into groups G and K respectively of the beta hemolytic groups 
136, or 66 per cent, of the remaining 205 strains could be classified mto 14 
serological groups The justification for any classification, however, depends 
entirely upon the use to which it is put At the inception of this study the hope 
was expressed that some correlation might be made between the classification 
of the vmdans streptococci and their potential pathogenicity The fact is, 
however, that it is here revealed that we cannot as yet make any distinction 
between or ganisms implicated m bacterial endocarditis and those found in 
abscessed teeth, or even in those present normally in the human throat. 
This, of course, does not necessarily imply that there is no distinction but rather 
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that we cannot so far by our methods determine its presence Conversely 
should there actually be no differences among these organisms the problem be- 
comes highly significant The reason then that the mrtdans streptococci are so 
often associated with bacterial endocarditis may be due entirely to the fact that 
these organisms are so widely prevalent in the mouth The ease with which 
they can invade the blood stream has been amply demonstrated by several in- 
vestigators (9-16) A presumptive causal relationship between the teeth as a 
precedent focus of infection and subacute bacterial endocarditis has gamed em- 
phasis in recent years (13, 17—24) Instances have been cited of from one to as 
many as thirteen cases in which subacute bactenal endocarditis seemed to 
follow in almost direct relationship within a few days or weeks after dental 
extraction in septic mouths m individuals with precedent cardiac abnormality 
The problem of traumatic injury becomes of paramount importance If we 
cannot distinguish pathogens or presumable pathogens among the saprophytes, 
then any organism once it breaks the barrier into the blood stream can pre- 
sumably be the causative agent in this disease process 

The question of reinfection or multiple infection in bactenal endocarditis is 
now amenable to study Five cases m this study are represented by duplicate 
cultures, in four, the same serological type was obtained on both occasions 
In the fifth case, the evidence indicates that two different serological types were 
present Such a group of cases is too small in number to be evaluated sta- 
tistically, thus the fifth case must assume its own significance The possi- 
bility of reinfection with an entirely different serological type cannot be over- 
looked, and, indeed, may be more usual than these numbers seem to indicate 

That there may, however, be differences among the mrtdans streptococci re- 
lating to source of culture cannot be dismissed entirely It will be remembered 
that a few strains, fifteen m number, from the vaginas of young infants and 
children, were tested with serums from four of the t nndans groups With the 
exception of one strain which reacted with group I serums, none of the remain- 
ing strains reacted with these serums Although the number of strains tested 
are small, there is some suggestion that the mrtdans streptococci from this 
source may be different serologically Such a possibility requires further in- 
vestigation 

It would seem from the evidence presented here, that the serological identity 
of a strain in any particular case may be determined, and its relationship to a 
possible focus of infection more easily followed That the presumable patho- 
gens among the virtdans streptococci cannot be distinguished readily is not an 
unexpected finding, since it is more than likely that any mrtdans streptococcus 
given the necessary conditions, can initiate bactenal endocarditis However, 
the validity of a classification of these organisms cannot be dismis sed It re- 
mains for further study to bring out the uses to which such a classification may 
be put 
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A total of 108 strains of vtndans streptococci from subacute bacterial endo- 
carditis, and 99 strains from human throats and extracted teeth have been 
studied, and approximately two-thirds of all the strains so far have been differ 
entiated into a number of serological groups The similarity between strains 
from these sources is evident from the fact that approximately 50 per cent of 
the reacting strains from each source fall into two groups I and II, and that 
three groups I, IT, and IV, contain streptococci from both sources m approxi 
mutely the same distribution Fifteen vaginal strains of vtndans streptococci 
failed, with the exception of one strum, to react with groups I-IV of the endo 
carditis serums More than three-fourths of the strains from both sources 
were Streptococcus sahvanus as determined by Sherman's criteria However, 
no correlation between the biochemical and serological classification could 
be made 

It may be concluded that the vtndans streptococci are amenable to class 
fication by serological methods The results so far obtained do not indicate a 
serological difference between strains of vtndans streptococci isolated from sub- 
acute bacterial endocarditis, and those isolated from human throats and ex 
tract ed teeth The greater definitive value of serological methods in the 
identification of a particular strain is indicated 

The author wishes to thank Dr Martin Dawson at whose suggestion thb study 
was undertaken. 

It is a pleasure to acknowledge the interest, advice, and cnticsm expressed by 
Dr Beatrice C Seegal throughout the course of this work 
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The occurrence of synergism or antagonism between microorganisms or 
viruses is generally Lnown to workers m the field Even though the mech 
an ism of these phenomena is by no means well understood, the fact 
that the course of an infectious disease may be significantly altered by the 
concomitant action and interplay of two different etiological agents, or their 
growth products, offers an attractive field for experimental investigation 
As far as bacterial antagonism is concerned, inhibitory effects are usually 
the result of a destructive action tn vitro and in vivo of certain bacterial enzymes, 
like pyocyanase, gramicidin, and penicillin, upon certain microorganisms 
Among the protozoa, a well defined mutual suppression of two invading para 
sites has been described for mixed infections of bartonella and eperythrozoon 
in mice (1) However, not until one comes to the field of virus diseases is 
interference found firmly established as a distinct biological phenomenon. 
Probably the first reference to domination of one vims by another was made 
in 1929 by McKinney (2) who reported that a yellow mosaic viru9, derived 
from the common light-green mosaic of tobacco, would not propagate in 
tobacco plants in which the common-mosaic virus was already present Sub- 
sequent Btudies by McKinney (3) and others (4) have widened the scope of the 
interference phenomenon among plant viruses and added much to our knowl 
edge of how to utilize this reaction as a possible means for establishing rela 
tionships between mutants and non-relationships between distinct viruses 
Examples of interference in virus infections of animals and man are not very 
numerous, nor have those on record received more than scant attention. What 
appears as evidence of crossed resistance has been described for certain virus 
systems, t e pseudorabies- virus B (5) and vaccinia herpes (6), but such pro- 
tection as may be observed in these cases is probably due to an overlapping 
group i mmuni ty rather than to any immediate reaction between the viruses 
themselves Other instances, however, may be quoted m which interference 
seems to occur because of mutual interaction, direct or m direct, between the 

* Aided by grants from the Warner Institute for Therapeutic Research the Philip 
Hanson Hiss Jr Memorial Fund, and gifts from anonymous donors. 
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opposing viral agents Thus, a peculiar type of resistance to superinfection 
has been recorded for both encephahtogemc and non-encephahtogemc strains 
of herpes virus in that a second intracerebral dose, following shortly after a 
preliminary corneal or mtradermal dose, causes a mutual extinction of the 
effects of the two injections (7), similarly, it is said that if rabbits receive 
a senes of intravenous injections of fixed virus after subdural infection with 
street virus, no rabies develops (8) Furthermore, Hoskins (9) found that 
intramuscular injection of a neurotropic strain of yellow fever virus, which 
is usually harmless for monkeys, protects these animals against sim ultaneous 
infection with a highly pathogenic viscerotropic strain of the same virus 
Subsequently, Findlay and MacCallum (10) showed that the injection of a 
mixture of Rift Valley fever and yellow fever virus into rhesus monkeys served 
to save a majority of the animals from death by yellow fever infection, con- 
versely, a single inoculation of mice with neurotropic yellow fever virus and 
pantropic Rift Valley fever virus definitely protected a few mice against the 
latter disease and delayed the death of others A well marked sparing effect 
of the virus of lymphocytic choriomeningitis upon poliomyelitic infection m 
monkeys has also been described by DalldorTand his associates (11) In all 
these cases interference takes place with such rapidity, and the resulting pro- 
tection is limited to such brief intervals, that the failure of infection can 
hardly be ascribed to forces of acquired immunity, as generally denoted by 
this term Moreover, in the last two instances, antagonism occurs between 
serologically unrelated viruses, a fact which would tend further to minimize 
) the involvement of any specific immunological effects 

No explanation can be given, at present, for these protective phenomena 
Above all, it is uncertain whether one virus acts directly upon the other so as 
to produce complete annihilation of both, or whether the protection is due 
to a restriction of viral propagation m selective cell territories which are 
shared by the two infectious agents Finally it is conceivable that one virus 
may elaborate a soluble substance which checks the growth of the other 
virus Such inhibitory substances, derived from and acting against the same 
virus, have already been demonstrated m tumor tissue of the Rous chicken 
sarcoma (12) 

It will be recalled that a powerful antagonism between the murine strain of 
SK poliomyelitis virus and poliomyelitis monkey virus (SK and Aycock 
strains) was discovered previously m the course of this work (13) Further 
progress with this problem has recently been reported (14, 15) It is the 
object of this communication to present m detail the experimental basis on 
which these observations rest and to record the results that can be obtained 
in monkeys, infected with poliomyelitis virus, by administering murine virus 
at various stages of the disease 
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EXPERIMENTAL 

The experimental work is presented m three sections The first section 
deals with the results obtained by the inoculation of monkeys with mixtures 
i n Vitro prepared of murine and poliomyelitis virus, the second with attempts 
to protect monkeys against poliomyelitic infection by prophylactic admin ls tra 
tion of munne virus, the third with efforts to block the course of poliomyelitis 
In monkeys by injecting munne virus at certain intervals following infection 
with monkey virus 

Results Obtained with the Intracerebral Injection of Mixtures of Munne and 
Poliomyelitis Virus into Rhesus Monkeys 

Mixtures were prepared by combining 0.5 cc. of munne virus suspension (obtained 
from the brain of mice paralyzed by SK munne poliomyelitis virus) with 0 5 cc. of 
monkey virus suspensions (obtained from the cord of monkeys paralyzed b} monkey 
passage poliomyelitis virus) Swiss mice, 12 to 15 gm., and rhesus monkeys, 1800 to 
2500 gm. were used throughout this work. Immediately after their preparation 
these mixtures in a volume of 1 cc. were injected in tracereb rally into monkeys. 
Since earlier expenence with tissue culture munne virus (15) had suggested that the 
effectiveness of interference between the opposing viruses may depend upon certain 
quantitative relationships, murine and monkey virus were employed in graded doses 
The strains of monkey virus used m these experiments were the Aycock and the 
RMV virus Tests with SK. monkey poliomyelitis virus were omitted, partly because 
effective interference by mixing SK murine virus (mouse or culture virus) with SK 
monkey virus had previous!} been described (13 15), and, partly because considerable 
difficulties were encountered in maintaining the SK strain of poliomyelitis virus at a 
uniformly high level of virulence m serial passages through monkeys The specificity 
of the interference was determined by injecting intracertb rally into monkeys control 
mixtures consisting of pohomjchtis monkey virus in combination with (1) saline, (2) 
normal mouse brain suspensions, (3) munne virus brain suspension inactivated by 
heating for H hour at 7S°C., and (4) herpetic (L.F strain of herpes virus) mouse 
brain suspension. The results of these tests arc brought together in Tables I and II 

It will be seen from Table I that interference between munne virus and 
Aycock monkey virus occurred regularly at levels of 1 10 dilution of monkey 
virus and 1 10 dilution of murine virus, the same dose of munne virus inter 
fered effectively with all higher dilutions of monkey virus, except a dilution 
of 1 500 1 In some monkeys a transient weakness was observed after injection 
with mixtures of the two viruses, particularly those containing an excess of 

1 Brain and cord of this monke> when sacrificed at the heig h t of paralysis, failed 
of transmission to monkeys with the production of paralysis, whereas transfer to mice 
induced paralysis. The paralysis In this monkey therefore may have been caused 
essentially by munne virus activity 
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murine virus , tins condition was probably caused by mouse virus activity It 
will further be noted that the effectiveness of interference is gradually lost 
when successive dilutions of munne virus are combined with a constant dose 
of Aycock virus Thus, of three monkeys receiving mixtures of Aycock virus 
1 10 and murine virus 1 100 one animal developed paralysis, of three monkeys 
receiving mixtures of Aycock virus 1 10 and munne virus 1 1000 two anim als 
became paralyzed, whereas neither of two monkeys injected with mixtures of 


TABLE I 

Interference between Munne Virus and Monkey Virus ( Aycock Strain) m 
Mixture Experiments 


Monkey virus 
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Aycock virus 1 10 and munne virus 1 10,000 escaped the disease Since all 
control monkeys injected with doses of Aycock virus ranging from 0 5 cc of a 
1 10 to a 1 1000 dilution succumbed to paralysis it appears that 0 5 cc of a 
1 10 dilution of munne virus was capable of protecting against at least 100 
minimal paralytic doses of poliomyelitis virus Normal mouse brain and 
herpetic mouse brain exercised no protective action and the interfering principle 
in munne virus was evidently destroyed by heating for hour at 75 C 
An inspection of Table II shows that similar interference could be ob tamed 
between munne virus and RMV monkey virus, except that the lowest level of 
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effective interference began with a combination of RMV vims diluted 1 100 
and a dilution of 1 10 murine virus, the same dose of munne virus protected 
effectively against all higher dilutions of RMV virus When one estimates the 
degree of effectiveness of this interference and considers the fact that paralysis 
occurred m control animals injected with RMV virus dilutions up to 1 10,000, 
simple calculation shows that a dilution of munne virus of 1 10 was capable of 
protecting once more against at least 100 minimal paralytic doses of poliomye- 
litis virus. 

The above findings, obtained with two different strains of monkey pohomye 
litis virus, suggest that the interference between murine virus and monkey 


TABLE II 

Interference behceen Murine Virus and Monkey Virus ( RMV Strain) in Mixture Experiments 


Mocker 

llntin* rirw 

OS cc. 

| Ratal t 


Cam pitta paralyxi* j 

Partial partly*!* 

No paralyih 

1 10 

1 10 

1 

0 

0 

1 100 


0 

0 

1 

1 200 


0 I 

0 1 

1 

1 500 


0 1 

0 1 

1 

1 I 000 


0 

0 

1 

1 5 000 


0 ; 

0 

1 

1 10 000 


o 

0 

1 


Controls 




1 200 

Saline 

1 

0 

0 

1 500 


1 

0 

0 

1 1 000 


0 

1 

0 

1 5 000 


1 

0 

0 

1 10 000 


1 

0 

0 


virus proceeds on some quantitatively fixed basis No precise formulation can 
be offered at this tune of the actual quantitative relationships involved since 
virulence titrations of the two strains of poliomyelitis virus were not earned 
to their respective end points However, the available data indicate that 0.5 
cc of a 1 10 dilution of munne virus will counteract at least 100 minimum 
paralytic doses of poliomyelitis virus, irrespective of the strain used, when such 
mixtures are injected mtracerebrally into rhesus monkeys Upon injection of 
apparently balanced virus mixtures not much propagation of either virus se em s 
to occur Thus, on one occasion m which a monkey was sacrificed on the 12th 
day following intracerebral injection of a non pathogenic mixture of the two 
viruses, only traces of munne and of poliomyelitis virus could be recovered 
from brain, cord, or spleen, as determined b> transfer of these tissues to mice 
and monkeys. Symptomless survival of monkeys following intracerebral 
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injection with mixtures of murine and. poliomyelitis virus rarely seems to induce 
any permanent immunity Thus, 4 of 5 such monkeys developed prostrating 
paralysis upon reinfection, 1 month later, with Aycock virus 

Results Obtained with the Administration of Murine Virus m Monkeys before 
Infection with Poliomyelitis Virus 

At vanous intervals before intracerebral infection with poliomyelitis virus (RMV, 
Aycock) monkeys were given murine virus by the intravenous route The munne 
virus was prepared by grinding three infected mouse brains in 9 cc, of tissue culture 
munne virus fluid, to yield a 10 per cent virus suspension The suspension was al- 
lowed to settle for about 5 to 10 minutes and the turbid supernatant was used in 
amounts of 6 to 8 cc. for one intravenous dose, these injections must be given very 
slowly in order to avoid shock Munne virus was given m repeated doses, varying 
from 3 to 5 injections, each dose being administered on successive days, the interval 
between the last injection of munne virus and poliomyelitic infection extended from 
2 weeks to 1 day One prophylactic senes of munne virus injections, m some cases, 
constituted the only mode of treatment, in other cases, multiple injections of munne 
virus were resumed at irregular intervals following infection with poliomyelitis virus 
A total of five expenments were run, in three experiments infection was produced 
by RMV vims 2 and in two by Aycock virus Each experiment contained a vanable 
number of treated monkeys and an adequate number of untreated controls, all of 
which were infected with the same dose of poliomyelitis virus The results of the 
five expenments are listed in Table Ht which also gives all details concerning tech- 
nical procedures 

The results ob tamed m the five different expenments, as given in Table HI, 
are not strictly comparable, inasmuch as the experimental conditions varied 
considerably from test to test However it appears that in the first three 
expenments, in which RMV virus was used, there were 3 monkeys m a 
treated group of 14 animals which remained entirely free from symptoms and 
2 additional monkeys which developed atypical paralysis after greatly pro- 
longed incubation periods By contrast, all of 8 accompanying controls suc- 
cumbed promptly to the disease In the next two expenments m which 
Aycock virus was used a treated group of 12 monkeys mcluded 10 animals 
which failed to show any paralytic symptoms whatsoever and 1 monkey which 
developed delayed paralysis, whereas ail of 11 accompanying controls suc- 
cumbed to the disease in a typical manner In the group of treated animals 
which had failed to develop paralysis 6 monkeys survived sufficiently long to 
be reinfected, 4 weeks later, with Aycock virus All 6 monkeys proved fully 
susceptible to reinfection 

In evaluating the mechanism of protection m these expenments an lmpres- 

2 These expenments include 14 monkeys to which reference was made in an earlier 
paper (16) 
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lactic injection of munne virus from the date of poliomyelitic infection was not 
over 1 day Obviously, m all these respects, the experimental conditions were 
much severer in those experiments in which RMV virus was used It r emain s 
to be seen whether equally good results can be obtained with both strains of 
poliomyelitis virus, provided adequate allowance is made for dosage of monkey 
virus, dosage of murine virus and, particularly, a more favorable spacing of 
intervals between injection of the two viruses 

Results Obtained by the Administration of Murine Virus to Monkeys Following 
Infection with Poliomyelitis Virus 

The experiments described in this section were undertaken in order to 
determine whether the injection of munne virus m monkeys, subsequent to 
infection with poliomyelitis monkey passage virus, was capable of modifying 
or blocking the course of the disease 

Three strains of monkey virus were employed jn this work, t e the SK, the Aycock, 
and the RMV virus Infection with monkey virus was produced by intracerebral 
injection Following infection, certain intervals were allowed to elapse before tbe 
introduction of munne virus by the intravenous route, these intervals varied from a 
few minutes (1st day of infection) to 96 hours (5th day of infection) The infecting 
doses of Aycock and RMV virus, respectively, represented at least 20 to 50 minimal 
paralytic doses for each strain, i e Aycock 0 5 cc 1 10 to 1 50 dilution and RMV 0 5 
cc 1 10 to 1 200 dilution, SK monkey virus was used in amounts of 0 5 cc 1 10 to 
1 100 ddution, doses which fell within the approximate range of virulence of this par- 
ticular strain The dosage of munne virus vaned widely from test to test While 
no attempt was made to determine the minimum amount of munne virus which would 
afford protection at vanous intervals, some monkeys in which treatment was begun on 
the day of infection received one single injection only of munne virus On the other 
hand, all monkeys m which treatment was delayed beyond the 1st day of infection 
were subjected to a senes of repeated injections (5 to 9 injections) Such injections 
always extended over a penod of several days (1 to 5 days), in some cases, two injec- 
tions were given each day, in others only one dose of murme virus was administered 
daily The munne virus was prepared m the same manner as previously descnbed 
for the prophylactic experiments, ten single dose consisted of three infected mouse 
brains, ground in 9 cc of undiluted tissue culture virus fluid, so as to yield a final 
virus concentration of 1 10 Each expenment included a vanable number of animals 
under treatment with munne virus and an adequate number of control animals 
The control ani mals were infected with the same dose of monkey virus and, for tbe 
greater part, remained entirely free from any form of control treatment, in one expen- 
ment the controls received an equal number of intravenous injections of normal mouse 
brain, suspended in uninoculated tissue culture fluid instead of munne virus prepara- 
tions Three experiments were earned out with SK vims, three with RMV vims, 
and six with Aycock virus The results obtained are given in Tables IV, V, and VI 

The data shown in Table IV indicate that monkeys which had received 
munne virus were well nigh completely protected against poliomyelitic mfec- 
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Uon induced by SK virus This protection extended practically un diminish ed 
from the 1st day of the infection to the 96 hour interval Thus, among a total 
of 23 monkeys, treated between the 1st and 5th day during the incubation 
period of the disease, 20 remained entirely free from paralysis, whereas of a 
total of 11 controls only 2 escaped paralysis Unfortunately, the SK monkey 
virus in these tests failed to paralyze all of the control animals, moreover, in 
some of the paralyzed controls paralysis was only partial Such marked 
fluctuations m the virulence of the SK monkey virus, in our experience, have 
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been typical of this 8 tram of virus and render it unsuitable for critical tests 
The available evidence, therefore, while suggesting that a defi ni te therapeutic 
effect had been achieved, could not be regarded as entirely conclusive 

A more clear-cut picture is presented by the data given in Table V, which 
lists the results obtained m monkeys infected with RMV virus It appears 
that of a total of 20 monkeys, treated with munne virus between the 1st and 
5 th day of the incubation period, 7 remained entirely free from paralysis, 
whereas all 9 accompanying controls succumbed to the disease. It will also 
be observed that 4 additional treated animals recovered with partial paralysis, 
on the other hand, no control animal survived the prostrating paralytic attack 
which is characteristic of the RMV strain. Treatment with munne virus had 
therefore undoubtedly afforded a considerable degree of protection against 
poliomyelitic infection induced by the RMV strain, particularly during the 
early preparalytic stage of the disease. 
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Essential confirmation of the results obtained with the SK and R MV strains 
of monkey virus can be found in the data given m Table VI which deal with the 
experiments m which poliomyelitic infection was produced by Aycock virus 
It will be noted that of a total of 45 monkeys, treated with munne virus be- 
tween the 1st and the 5th day of the disease, 24 failed to show any paralytic 
symptoms, whereas all 30 controls developed paralysis, among the 30 paralyzed 
controls paralysis was partial in only 6 animals, the rem ainin g 24 controls suc- 
cumbing to the disease with complete prostration It should be added that 
among the 21 treated animals which developed paralysis (11 complete and 10 
partial), there were 4 monkeys which ran an atypical course of the disease 

TABLE V 


Interference between Munne Vims and Monkey 1 mis ( RMV Strain ) in Therapeutic Experiments 
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inasmuch as paralysis occurred after greatly prolonged incubation periods (16 
to 30 days) The conclusion, therefore, seems justified that the administration 
of murine virus in monkeys infected with the Aycock strain of poliomyelitis 
virus had produced distinct therapeutic effects, especially when treatment was 
ins tituted withm the first 48 hours of the incubation period of the experimental 
disease 

When all observations relating to the treatment of experimental poliomyelitis 
by murine virus are considered as a whole, the combined figures of three experi- 
mental senes indicate that among a total of 88 monkeys, which had received 
murine virus between the 1st and 5th day of the disease, 51 monkeys, or more 
than half (57 per cent), failed to show any paralytic symptoms, while m a group 
of 50 untreated controls only 2 monkeys (4 per cent) escaped the disease By 
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limiting the statistical analysis to an evaluation only of the efficacy of early 
treatment, begun on the day of infection with poliomyelitis virus, it becomes 
apparent that of a total of 40 monkeys thus treated, 26 animals, or almost 
two- thirds (65 per cent), remained free from paralysis, as compared with one 
single non paralytic survivor among 47 accompanying control animals By 
contrast, when treatment was delayed until 96 hours after pohomyehtic mfcc 
tion, marked protection was obtained only against the weak SK strain, all 
treated animals infected with highly virulent RMV or Aycock virus succ umb ing 
to the disease like controls- While the above data serve as a measure of the mo. 
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Interference betxeen hfurtnc Vtrus and If o nicy Virus ( Aycock Stratn) in 
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dence of the disease m the treated and the control group, the effects of treatment 
with murine virus can also be gauged by comparing the seventy of the disease 
in the two groups of animals. Such a comparison, whether applied to the total 
figures or to figures relating to early treatment, reveals that the percentage of 
prostrating paralysis in treated animals was always a fraction of that occurring 
m untreated control animals, t e , 22 per cent agamst 72 per cent for the total 
group and 1 7 per cent against 82 per cent for the early treatment group That 
early treatment with murine virus, when successful, virtually aborts the ex 
penmen tal disease, whereas delayed treatment, even though saving the a nima l 
from paralysis is unable to prevent some form of subclimcal infection is also 
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strikingly demonstrated by the results of reinfection experiments Thus, m 
a group of 6 surviving monkeys, in which treatment had been begun on the 1st 
day of infection, none escaped paralysis upon reinfection with Aycoch or RMV 
virus, by contrast, in another group of 9 surviving monkeys, which had been 
treated at the 48 or 96 hour interval, 8 proved resistant and only 1 susceptible 
to reinfection with the same viruses 

Munne virus being capable of bringing about as powerful protective effects 
as would appear from these data, it may be pertinent to raise the question why 
it has not been possible to abort the disease m an even higher percentage of 
monkeys during the early stages of the incubation period This question 
cannot be readily answered As far as the fate of munne virus is concerned, 
it apparently persists for some tune, m active form, in the central nervous 
system of monkeys when introduced shortly after poliomyelitic infection 
For on three occasions, when monkeys injected with murine virus on the day 
of infection with poliomyelitis virus were sacrificed between the 1st and 7th 
day during the incubation period, transfers of brain and cord to mice revealed 
the presence of large amounts of munne virus On the other hand, when 
monkeys developed poliomyelitis despite treatment with murine virus, it has 
usually been impossible to demonstrate any munne virus m the central nervous 
system of such paralyzed annuals Thus, transfers to mice of brain and cord 
from 4 prostrate treated monkeys, carried out at intervals of from 1 to 3 days 
after the last injection of murine virus, gave no evidence of the existence of any 
active munne virus in these tissues All that can be said, therefore, is that the 
failure of interference seems to be associated with the absence of murine virus, 
while the data are not inconsistent with the assumption that successful inter- 
ference depends upon the persistence of murine virus in active form The lack 
of success in therapeutic experiments is therefore probably conditioned, partly by 
the existence of a proper balance between monkey and murine virus — as deter- 
mined by the initial quantities of virus injected and the rate of then subsequent 
propagation — and partly by the maintenance of a definite threshold level of 
muime virus throughout the preparalytic stage of the disease The harmonious 
coordination of these variables may well be materially affected by certain indi- 
vidual variations in the response of any given monkey to the two viruses 

DISCUSSION 

The data presented m this paper show that the munne strain of SK pohomye- 
litis virus is capable of interfering with the development of poliomyelitic in- 
fection in rhesus monkeys Murine infection in mice, on the other hand, is not 
significantly influenced by the administration of monkey poliomyelitis virus, 
nor was the growth of munne virus inhibited in tissue cultures to which 
monkey poliomyelitis virus had been added This interference phenomenon, 
therefore, appears to be a unilateral reaction in that the stronger munne virus 
dominates over the weaker, simian strains Such interference, as can be 
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demonstrated in monkeys, operates effectively not only against the parent 
SK monkey strain but also against two other highly virulent strains of monkey 
passage virus, t e Aycoch and RMV It is further evident that interference 
takes place, irrespective of whether monkey and munne virus are injected m 
form of in vitro prepared mixtures, or whether the two viruses are introduced 
by separate routes When munne virus is given intravenously to monkeys 
before or after intracerebral infection with monkey virus, distract prophylactic 
and therapeutic effects may be obtained. The limits of effective interference 
are set by certain cntical thresholds of time and dosage which seem to govern 
the interaction between the two opposing viruses Thus, the weaker culture 
virus makes a less effective interfering agent than highly potent mouse passage 
virus (15), whereas cavian passage virus, which possesses even lower virulence, 
has given no clear-cut evidence of therapeutically effective interference (17) 
It may be added that no protection occurs when intravenous injections of 
monkey virus are substituted for murine virus during the incubation period 
of the experimental disease 

The protection which is induced when munne virus interferes with the de- 
velopment of poliomyelitic infection ra monkeys is probably not referable to 
anj immunising effects, humoral or cellular, of the munne strain Thus, 
previous experience has demonstrated that prolonged immunization of monkeys 
with poliomyelitis virus, be it of simian or of munne ongra, causes but rarely 
a state of resistance sufficiently marked to protect the immunized animal 
against intracerebral infection with monkey passage virus. Furthermore, 
protection m interference experiments is afforded m prophylactic as well as 
m therapeutic tests It must also be remembered that monkeys which have 
survived the expenence of in vivo interference between munne and monkey 
virus, as a rule, remain fully susceptible to subsequent reinfection with monkey 
virus. All these observations point m the direction of an immediate, though 
transient reaction which differs, both in its speed and lack of persistence, from 
classical immunological processes 

While it seems permissible to exclude immunity as being responsible for the 
observed protection, no explanation which pretends to have more than heuristic 
significance can be offered at this time for the mechanism of interference 
Rivers (18) has drawn attention to a general impression, prevailing among virus 
workers, that unhealthy animals are either more resistant or react less severely 
to certain virus maladies than do perfectly healthy animals Proceeding from 
ihig expenence to a discussion of the known systems of viral interference he has 
suggested that normal cells might be more suitable for the multiplication of a 
virus fhnn cells rendered abnormal by previous contact with another virus. 
This, of course, is merely a suggestion and it becomes necessary to subject the 
available data to a cntical analysis if we expect to reach a better understand mg 
of these obscure phenomena 

To begin with, it seems fairly obvious that the van our manifestations of viral 
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antagonism, which, for want of a better term, have been loosely brought to- 
gether under the name of “interference,” make up a rather heterogeneous group 
in so far as then modus operandi is concerned Such sparing effects, for in- 
stance, as are demonstrable between poliomyelitic and lymphocytic chono- 
menmgitic infection, have probably no connection whatsoever with intrinsic 
properties of the inciting agents, since the two diseases are caused by totally 
unrelated viruses The simplest explanation of the phenomenon would be 
to assume that poliomyelitis virus, on its way from brain to cord, is partially 
or completely intercepted by the barrier of an extensive inflammatory reaction 
which constitutes the most characteristic feature of lymphocytic chono- 
menmgitic lesions In other words, the failure of pohomy ehtis virus to produce 
paralysis, m this instance, is probably due to an essentially mechanical restric- 
tion of virus to its primary site of inoculation. On the other hand, different 
conditions seem to obtain in those cases of viral interference in which the 
competing viruses represent pathogenic and non-pathogemc variants of the 
same strain, or are otherwise closely related We are referring to such inter- 
ference as occurs between the neurotropic and viscerotropic descendants of 
yellow fever virus or between the virus of yellow fever and the virus of Rift 
Valley fever, for even though the last two viruses and the diseases which they 
produce are seemingly unrelated, sufficient analogies exist to raise the question 
whether both viruses may not have originated from some common ancestral 
form (10) Obviously, the interference that is demonstrable between the pan- 
tropic murine strain of SK poliomyelitis virus and the neurotropic simian strains 
of poliomyelitis virus falls into the same category, and ive probably do not go 
far astray by assuming that the basic mechanisms responsible for the several 
interference phenomena listed in this group are very similar Certainly, all 
three types of interference just mentioned operate with singular efficiency 
since protection can be obtained with great regularity against multiple in- 
fecting doses of highly virulent virus As far as information is concerned that 
has come to us from a study of the poliomyelitis interference system, the 
available data suggest that the success of interference is associated with the 
survival, and failure with the absence, of munne virus in the central nervous 
system of the monkey It may further be taken for granted that a definite 
correlation exists between the potency level of murine virus, as determined by 
titration in mice, and its interfering ability, as tested in monkeys Protection, 
therefore, seems to result from domination of one virus over the other Pre- 
cisely what the mechanism of this domination is, is impossible to say at present 
It may either be mediated, m some way, by a reaction on the part of mutually 
susceptible cells, or else be brought about by direct virucidal interaction be- 
tween the two viruses themselves The first hypothesis seems the more plausi- 
ble since both viruses, though differentially pathogenic for monkeys and mice, 
possess the same affini ty for the anterior bom cell which constitutes the selec- 
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tive seat of the poliomyelitic lesion. Such a ff bIockade” of susceptible cells by 
non paralyzing munne virus might render these cells temporarily impregnable 
to an attach of paraly z ing monkey virus because the orderly function of certain 
enzyme systems, necessary for successful propagation of monkey virus, has 
conceivably been disturbed by previous contact with munne virus. However, 
it should be mentioned that positive interference has also been obtained with 
munne virus preparations which had been partially inactivated by exposure 
to ultraviolet light. Such irradiated virus, innocuous for mice by mtraperi 
toneal injection though still mildly infectious by intracerebral test, has proven 
an effective interfering agent, on several occasions m both therapeutic and 
mixture experiments. The question anses, therefore, whether the interfering 
principle m munne virus is identical with the infectious unit itself, or whether 
interference is brought about by a non- infectious substance, existing as an 
integral part of this unit or occurring separately in soluble form It is hoped 
that further investigations, which are in progress, will help to throw light on 
this fundamental problem 

SUHHARY AND CONCLUSIONS 

1 The munne strain of SK poliomyelitis virus interferes with the propaga 
tion m rhesus monkeys of SK, Ay cock, and RMV poliomyelitis monkey virus. 

2 This interference is demonstrable by intracerebral injection of mixtures of 
munne and monkey virus prepared *« p tiro as well as by separate injection of 
the two viruses by diverse routes 

3 Mixture tests earned out with graded doses of munne and monkey virus 
show that 0.5 cc. of a 10 per cent suspension prepared from the brains of 
paralyzed mice is capable of counteracting at least 100 minimal paralyzing doses 
of two strains of monkey virus. 

4 No interference was demonstrable with suspensions of brains infected 
with munne virus which had been inactivated by heating for hour at 75°C , 
or with suspensions prepared from normal mice, or with brain suspensions 
prepared from mice infected with herpes virus 

5 When munne virus is introduced into monkeys by the intravenous route, 
before or after intracerebral infection with monkey virus, distinct prophylactic 
or therapeutic results may be obtained 

6 Analysis of the figures shows that the success of interference depends 
upon (a) the size of the infecting dose of monkey virus, (6) the amount of munne 
virus injected, and (c) the choice of proper intervals between the injection of 
monkey and murine virus 

7 The mechanism of the interference phenomenon here described is discussed 
in the light of the available data 

The authors wish to express their gratitude to Mr Frank Vaai for his assistance 
during this work. 
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HEPATIC VITAMIN A IN THE RAT AS AFFECTED BY 
THE ADMINISTRATION OF DIBENZANTHRACENE* 
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ROBERT HALTER, PhD and C. P RHOADS, MB 

{From the Memorial Hospital for the Treatment of Cancer and Allied Diseases, New York) 
(Received for publication Apnl 15 1942) 

Considerable experimental evidence exists to prove that the a dminis tration 
of the carcinogen dibenzanthracene to the rat results in a decrease of the con 
tent of vitamin A in the animal’s liver (1, 2) This result is obtained when the 
animal receives either adequate or moderately excessive amounts of the vitamin 
(2), but the mechanism by which the effect is produced is entirely unknown 
Recently, however, the possibility has been suggested (3) that a specific hepatic 
protein, to which vitamin A conceivably is bound, is in some manner impaired 
or absent from the liver of the animal which receives the carcinogen. 

This suggestion of damage to a conjugated protein, of which vitamin A forms 
the prosthetic group, may be analogous to the concept of Kensler, Dexter, 
Young, and Rhoads (4, 5) They demonstrated that the presence of metabo- 
lites of the carcinogen butter yellow prevents in vitro both the diphosphopyr 
idine nucleotide and cocarboxylase from functioning with their specific protein 
enzymes m the yeasts used This prevention, in turn, can be avoided, within 
limits, by the introduction of excessive amounts of the specific coenzymes into 
the systems It is conceivable, therefore, that a ramilar competitive relation 
ship might exist in the rat liver between vitamin A and dibenzanthracene — a 
competition for a specific protein, perhaps of enzyme nature, and the success 
m that competition dependent upon the relative concentrations of the two 
competing substances. 

On the other hand, since one of the recognized functions of the liver is to 
fabricate, store, and distribute vitamin A (6), the impaired hepatic storage of 
the vitamin due to dibenzanthracene feeding also might be explained by the 
production of a general hepatic insufficiency imposed on the organ by the car- 
cinogen The association of a defective distribution of vitamin A between 
the liver and plasma of patients with gastro-intestinal can cer (7) with the 
presence of a generalized hepatic damage in those patients (8) already has been 
demonstrated. Likewise, there is good evidence that some patients with 
hepatic cirrhosis or atrophy have lost, to a considerable extent, their ability to 
store the vitamin (9) 

* The authors wish to acknowledge the kind assistance of the Jane Coffin Childs 
Memorial Fund for Medical Research and Standard Brands Inc. 

t Finney Howell Fellow 


143 



144 


HEPATIC VITAMIN A 


In view of these facts, it became desirable to investigate the evidence in 
support of these two possible explanations for the defective storage of the 
vitamin m the dibenxanthracene treated rat (1) that the carcinogen has a 
specific effect on some liver protein, or other anchor, to which the vi tamin nor- 
mally is attached, or (2) that the carcinogen causes a general hepatic insuffi- 
ciency and among the functions lost is that of vit amin A storage The results 
of this investigation form the subject of the present report 

Methods and Materials 

The experiments were earned out on male albino rats of Sherman strain, which had 
an initial weight of from 90 to 110 gm. 

The standard diet consisted of 8 to 9 gm of Purina dog chow (Ralston Purina 
Company) per rat, per day 1 To this daily ration were added 1 gm of carrot and 1 S 
gm of lettuce In certain experiments 1 5 gm of Fleischmann’s dried brewer’s yeast, 
No 20-40, 2 were added to the daily diet of each rat 

Vitamin A was given in the form of a vitamin A concentrate 3 diluted in com oil so 
that 1 ml contained 400 tr s.p units of the vitamin The required amount of this 
supplement was administered daily through a synnge inserted into the mouths of 
those animals which received the vitamin 

A 0 1 per cent emulsion of dibenzanthracene (10) was injected m doses of 3 mg 
or 5 mg at weekly intervals into the peritoneal cavity of those rats scheduled to re- 
ceive the carcinogen The total volume of each dose vaned from 3 to 5 ml 

No animal was given either vitamin A supplement or dibenzanthracene until hehad 
received the standard diet for 2 weeks in order to make sure that all the rats were in 
good condition and to allow them to become adjusted to their environment Urine 
collections were obtained from each group of animals for 5 days before they were 
sacrificed During this collection period, the animals to be killed were kept m 
metabolism cages 

All animals were weighed every week In general, the nutation of the control 
animals was found to be well maintained and their weight increased uniformly at 
about 15 gm per rat, per week for 12 weeks 

Animals were sacrificed by decapitation to procure adequate amounts of blood 
As soon as possible, the fiver of each rat was removed and weighed A portion of fiver 
of about 600 mg then was placed in a sealed, tared weighing bottle This specimen 
was weighed accurately and homogenized into a brei for chemical determinations 
In the present study chemical determinations were made of 
1 Vitamin A in the plasma and fiver The methods used have been described 
previously by the authors (7, 11) 

1 This ration contained from 150 to 170 ns? units of vitamin A 

- The yeast was supplied through the courtesy of the Standard Brands, Inc 1 gm 
of yeast contained 520 mg of protein, 160 pg of thiamin, 70 pg of riboflavin, 60 pg 
of pyridoxin, 600 pg of nicotinic acid, and about 650 pg of choline It is also 
known to contain appreciable amounts of sulfur ammo acids 

3 This concentrate was supphed through the courtesy of the Endo Products, Inc. 
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2. Total protein, albumin, and globulin of the serum and liver 4 The technique of 
Robinson ei al (12) was used to measure the protein and its fractions in the serum and 
liver brei 

3 The total bpid carbon of the liver This was determined by the technique of 
Van Sl>ke et al (13) 

4 The cholesterol and cholesterol esters of the serum. These were measured by the 
method of Schoenheimer and Sperry (14) 

5 Fhosphobptds of the liver The method of Sinclair (15) was used. 

6 Riboflavin of the liver The technique of Hodson and Noms (16) adapted by 
Kensler ei al (4) for the determination of the vitamin m liver brei was employed 

7 The urinary glucuro nates. These were measured by the procedure of Maughan 
eial (17) 

8 The urinary phenol and phenol esters. The method of Fohn and Denis was 
used (18) The final color developed was read by the Pfalz and Bauer Photoelectric 
colorimeter 

The material now to be presented includes the results of experiments to 
determine whether the administration of dibenzanthracene to the rat resulted 
in (a) a general hepatic insufficiency, or ( b ) an isolated effect on a specific liver 
protein (or other anchor) to which vitamin A normally is attached 

Experiments to Ascertain Whether or Not the, Administration of Dibcnzanilrracenc 
Produces a General Hepatic Insufficiency 

For these experiments a colony of 58 Sherman strain, male albino rats was used 
These animals had an initial weight of from 90 to 110 gm After they had taken the 
standard diet for 2 weeks, 10 unselected rats were sacrificed in order 11 to ascertain the 
status of the hepatic functions of the animals m the colony 

Results of Preliminary Studies — At the time the 10 animals were sacrificed 
their weights ranged from 126 to 140 gm. and averaged 134.5 gm . The livers 
of these arnmnln weighed from 4 0 to 6 1 gm , and the average weight was 4 9 
gm Thus, the ratio of liver weight to body weight ranged from 0 035 to 
0 039, and the average ratio was 0 037 (Table I) 

The criteria used m this study as measures of normal hepatic function were 
the ability of the liver to (1) mam tain a normal total lipid and phospholipid 
content, (2) to store and fabricate albumin, (3) to estenfy cholesterol, (4) to 
synthesize and conjugate glucuronic acid, and (5) to conjugate phenol The 
justification for the use of these criteria is presented in a later section of this 
communication 

Accordingly, determinations were made in these and all other animals of this 
colony which subsequently were sacrificed, of the hepatic concentrations of total 

4 By the term liver albumin is meant that fraction of the liver proton soluble 
in 22 per cent NajSO* at 37°C. by the term liver ‘ globulin • is meint the total liver 
protein less the liver ‘ albumin.' 
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(c) The Concentrations of Vitamin A in the Liver The effect of the adminis- 
tration. of dibenzanthracene on the hepatic store of vitamin. A is essentially that 
obtained by Goemer (1) and by Baumann (2, 3) Even at the end of 4 weeks, 
when each of the rats of groups C and D had received only 12 mg of the car- 


TABLE n 

The Average Body Weight of the Rats on the Basal Diet and of Those Which Received Supplements 
of Vitamin A and of Dibenzanthracene 


Group 

At the end of 

4 wkj 

_ . 

8 wks 

12wk» 


gm 

gm 

| im 

A 

210 

265 

270 

B 

213 

250 

245 

c 

181 

213 

170 

D 

179 

218 

210 


Group A received basal diet alone, group B received diet and 200 u s.p units of vitamin 
A per rat, per day, group C received diet and 3 mg of dibenzanthracenc per rat, per week, 
group D received diet and 200 osp units of vitamin A per rat, per day, and 3 mg of di- 
benzanthracene per rat, per week 


TABLE nr 


The Average Liver Weight and Ratios of Liver Weights to Body Weights of the Rats on the Basal 
Diet and of Those Which Received Supplements of Vitamin A and of Dibenzanthracene 



At the end of 

Group 

4 wks 

| 8 wks 

12 wka 


Liver weight 

LW/BW 

Liver weight 

LW/BW 

Liver weight 

LW/BW 


gm 


gm 


gm 


A 

7 4 

0 035 

8 6 

0 032 

6 05 

0 022 

B 

7 6 

0 036 

6 3 

0 025 

68 

0 028 

C 

9 6 

0 052 

9 75 

0 040 

7 9 

0 046 

D 

9 3 

0 050 

11 2 

0 041 

9 5 

0 045 


Group A received basal diet alone, group B received diet and 200 tr s.p units of vitamin A 
per rat, per day, group C received diet and 3 mg of dibenzanthracene per rat, per week, 
group D received diet and 200 u s p units of vitamin A per rat, per day, and 3 mg of di- 
benzanthracene per rat, per week 


cinogen, significant decreases in their hepatic concentrations of vit amin A were 
noted The average hepatic content of the vitamin of group A was 266 V S.p 
units, of group B, (which had received 200 v s.p units of vitamin A per rat 
per day) 404 tr sj> units, of group C, 104 v SJ units, and of group D (which 
had received both carcinogen and 200 tr S units of vita min A per rat, per 
day), 190 tr S-P units per gm of wet liver (Table TV) 





ABELS, GOSH AIT, EBERUN, HALTER, AND RHOADS 


149 


A consistent increase in the average hepatic concentration of vitamin A m 
all instances was associated with the increased age and weight of the animals 
Nevertheless, the hindrance to vitamin A storage which the dibenzan thrace a e 
imposed upon the livers was a constant finding At the end of 8 weeks, the 
average hepatic concentrations of the animals sacrificed from groups A, B, C, 
and D respectively were 1192, 1788, 479, and 306 u S.P units per gm., and those 
sacrificed at the end of 12 weeks, 2560, 2475, 645, and 554 u s units per gni 
At the end of the 4 and 8 week periods, the daily administration of 200 tr s J* 
units of vitamin A to the rats of group B had increased the hepatic concentre 


TABLE IV 

The Average Concentration of Vitamin A 
in the Livers of the Rats on the Basal 
Dirt and of Those Which Rtccrtrd 
Supplements of Vitamin A and of 
Dibenzonlhractne 


Group 

At the end of 

4 wk*. 

1 wk* 

11 wk*. 


ttatii 

CJJ umUs 



f*r f* 

>«• r* 

Hr cm. 

A 

266 

1192 

2560 

B 

404 

1788 

2475 

C 

104 : 

479 

645 

D 

190 1 

306 

554 


TABLE V 

The Arteaga Concentration of Vitamin A 
tn the Plasma of the Rats on the Basal 
Diet and of Those Which Received 
Supplements of Vitamin A and Pf 
Dibenzan thracene 


Groop 

At th* end of 

4 wk*. 

8 wk*. j 

12 wk*. 


o*r an Ui i 

Hr ItO ml 

vnj anil* 
far 100 ml 

OJJ anil 1 
Hr JOO ml 

A 

125 

95 

200 

B 

155 

160 

175 

C 

202 

77 5 

150 

D 

219 

143 5 

310 


Group A received basal diet alone group 
BTKt&vtA 

min A per rat, per day* group C received 
diet and 3 mg of diben cm thracene per rat, 
per week group D received diet and 200 
U4.P units of vitamin A per rat, per day 
and 3 mg of dibenzan thracene per rat, per 
week. 


Group A received besal diet alone group 
B received dstAfcSfi "KG v a;? ■vB* 

min A per rat, per day group C received 
diet and 3 mg of dibenzan thracene per rat, 
per week group D received diet and 200 
U-sj> units of vitamin A per rat, per day 
and 3 mg of dibenzan thracene per rat, per 
week. 


tions of the vi tamin over those of group A. In contrast to this finding, it was 
noted that the administration of an equal amount of vitamin A to the rats of 
group D increased the hepatic levels of the vitamin over those of group C only 
until the end of the 4th week, and that thereafter, with the continued injections 
of dibenzan thracene, no increased stores of the vitamin could be effected iO 
the rats of group D 

In summary therefore, it would appear that the ingestion of vitamin A 
supplements temporarily increased the hepatic store of the vitamin, and that 
the parenteral administration of the carcinogen hindered the establishment of 
this store both m animals taking a normal diet and m those fed 200 U.S.P 
units of vitamin A. 


X 
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(d) The Concentrations of Vitamin A in the Plasma At the end of the 4th 
week the average plasma levels of vitamin A m groups A, B, C, and D in that 
order were 125, 155, 202, and 219 u s p units per cent The ingestion of 
vitamin A supplements was reflected m its increased plasma levels of groups 
B and D, over those of groups A and C respectively (Table V) 

The average concentration of the vitamin in the plasma of the group D rats 
remained higher than that of the group C animals throughout the experiment, 
probably due to the continued administration of the vitamin supplements 
This relationship, however, did not persist between the animals of groups A 
and B whose liver concentrations of vitamin A had increased considerably as 
the experiment continued A lack of correlation between the plasma levels 
of vitamin A in rats with normal and abnormally high hepatic concentrations 
of the vitamin has been found by others (19) 

It is of mterest to note that after the 4th week the levels of vitamin A in the 
plasma of groups C and D were no longer correspondingly higher than those 
of groups A and B 

(e) Total Lipid Carbon and Phospholipid Content of the Liver The concentra- 
tions of total lipid carbon in the livers of the animals which received the car- 
cinogen were not abnormally increased at the end of the 4th week The aver- 
age hepatic contents of total lipid carbon of groups A and B were 5 5 and 9 8 
gm per cent respectively, whereas those of groups C and D were 6 4 and 6 8 gm 
per cent respectively The average concentrations obtained for the livers of 
groups A, B, C, and D in that order at the end of 8 weeks were 8 8, 9 3, 10 6, 
and 7 4 gm per cent, and at the end of 12 weeks 6 5, 5 5, 7 5, and 6 6 gm per 
cent (Table VI) 

This failure to find any significantly altered total lipid carbon content in the 
fivers of the rats which received dibenzanthracene is compatible with the 
relatively constant concentration of phospholipid in those organs For groups 
A, B, C, and D, respectively, the hepatic concentrations of phospholipid were 
at the end of 4 weeks 2 7,2 7,2 S5, and 2 25 gm per cent, at the end of 8 weeks 
3 0, 2 8, 3 1, and 2 95 gm per cent, and at the end of 12 weeks 2 65, 2 8, 2 9, 
and 2 75 gm per cent (Table VI) 

(f) ThtConceniraiums of Total Protein, “Albumin,” and“ Globulin” in the Liver 
No consistently significant changes in the concentrations of hepatic protein or 
the two fractions were noted in the groups of a nimal s studied At the end of 
the 4th week, the concentrations of fiver total proteins were for groups A, B, 

C, and D 15 4, 14 6, 13 95, and 14 65 gm per cent respectively The low 
value of 13 9 gm per cent of group C was due to a decrease in the “globulin” 
fraction The average concentrations of “globulin” at this time were for groups 
A, B, C, and D respectively 13 7, 12 9, 12 1, and 12 9 gm per cent, and those 
of “albumin” 1 7, 1 7, 1 85, and 1 75 gm per cent (Table VII) ^ 

Four and 8 weeks later the average contents of total protein, albumin,” and 
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“globulin” m tbe livers of the group C rata were found to be witbin the limits 
of normal The average values found for total liver protein at the end of 8 

TABLE VI 

The Avtrat* Concentrations of Total Ltfnd Carbon and of Phospholipid m tit* Liters of the Rais 
on the Basal Diet and of Those Which Rec tired Supplements of Vtianrin A and 
of Dibenzanihracen e 



| At the rad of 

Group 

j 4 wk« 

j t wit 

j 12 wka. 


ToUl lipid 
carbon 

1 PhoapboUpid 

Total Uptd 
carbon 

Pbcopbollpid 

Total lipid 
carbon 

PhoajVwIJpid 


r* fa ct»S 

t* fa ml 

t* fa ctnl 

im. fa ctnl 

pm fa mi 

pm fa ct»i 

A 

5 5 

2 7 

8 8 

3 0 

6 5 

2 65 

B 

9 8 

2 7 

9 3 

2 8 

5 5 

2 8 

C 

6 4 

2 85 

10 6 

3 1 

7 5 

2 9 

D 

6 8 

2 25 

7 4 

2 95 

6 6 

2 75 


Group A received basal diet alone group B received diet and 200 us.p units of vitamin A 
per rat per day group C received diet and 3 mg of dibenxanthracene per rat, per week 
group D received diet and 200 ujlp units of vitamin A per rot per day and 3 mg of dlben* 
anthracene per rat, per week. 


TABLE VH 

The Average Concentrations of Total Protein Albumin, and Globulin in tke Liters of Iht 
Rais on the Basal Diet and of Those Which Received Supplements of Vitamin A and 
of Dibensanthracene 


At tit «uj of 


Grocp 

4 wkj. 

j 6 wka. 

j llrtj 


Total 

protain 

Alfrn 

“Olota- 

Un 

Total 
pro tain 

"AJbn 

rnfaj" 

Globu- 

lin” 

Total 
prottla . 

Alba 

r * 1 


f" 

fa 0*1 

r* 

fa ctnl , 

r* | 

fa ctnl \ 

I" 

fa cnl 

£** i 

fa cml \ 

tm 1 

fa mi \ 

r*»- 1 

fa ctnl \ 

nw. 

fa ctnl i 

tm 

fa mi 

A 

15 4 

1 7 

13 7 

16 75 

2 55 

14 2 

19 0 ; 

4 1 

14 9 

B 

14 6 

1 7 

12 9 

18 3 

2 7 

15 6 

18 65 

3 75 

14 9 

C 

13 95 

1 85 

12 1 

18 45 

2 85 

15 6 

18 7 

3 8 

14 9 

D 

14 65 

1 75 

12 9 

14 9 

2 1 

12 8 

19 2 

3 6 

15 6 


Group A received basal diet alone group B received diet and 200 ujj unit* of vitamin A 
per rat, per day group C received diet and 3 mg. of dibenaanthracene per rat, per week 
group D received diet and 200 uj.p unit* of vitamin A per rat, per day and 3 mg of dlbeni 
anthracene per rat, per week. 

weeks for groups A, B, C, and D in that order were 16 75 18 3, 18 45, and 14.9 
gm per cent, and at the end of 12 weeks 19 0 18 65, 18 7 and 19 2 gm per cent. 
The average concentrations of “albumin at the end of 8 weeks were 2.55, 2 7 
2 85, and 2 1 gm. per cent and at the end of 12 weeks 4 1, 3 75, 3 8, and 3 6 
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gm per cent for groups A, B, C, and D respectively Finally, at the end of 
8 weeks, the average hepatic contents of “globulin” were 14 2, 15 6, 15 6, and 
12 8 gm per cent, and at the end of 12 weeks 14 9, 14 9, 14 9, and 15 6 gm’ per 
cent for groups A, B, C, and D respectively 
(g) The Concentrations oj Total Protein, Albumin, and Globulin in the Serum 
Likewise, no evidence of a significant hypoprotememia or hypoalbuminemia 
was found in the a nim als which were injected with dibenzanthracene During 
the 12 weeks of this experiment, the average total serum protein of group A 
varied from 6 2 to 7 2 gm per cent, of group B from 6 0 to 7 1 gm per cent, 
of group C from 6 1 to 6 9 gm per cent, of group D from 6 0 to 7 3 gm per cent 

TABLE Vm 

The Average Concentrations of Total Protein, Albumin, and Globulin in the Serum of the Rats 
on the Basal Diet and of Those Which Received Supplements of Vitamin A and 
of Dibenzanthracene 


At the end ol 


Group 

4 wks 

8 wks. 

12 wtj 


Total 

protein 

Albumin 

Globulin 

Total 

protein 

Albumin 

Globulin 

Total 

protein 

Albumin 

Globulin 


gm 

Per cent 

tm 

per cent 

gm 

per cent 

gm 

per cent 

gm 

ter ant 

gm 

per ant 

gm 

per cent 

gm 

per cent 

gm 

Per cent 

A 

7 2 

4 0 

3 2 

6 2 

3 9 

2 3 

6 S 

4 9 

1 9 

B. 

7 1 

4 4 

2 7 

6 0 

3 6 

2 4 

6 4 

5 4 

1 0 

C 

6 9 

3 9 

3 0 

6 1 

3 6 

2 S 

6 4 

5 5 

0 9 

D 

7 3 

4 3 

4 0 

6 0 

3 4 

2 6 

6 75 

5 7 



Group A received basal diet alone, group B received diet and 200 osp units of vitamin A 
per rat, per day, group C received diet and 3 mg of dibenzanthracene per rat, per week, group 
D received diet and 200 usp units of vitamin A per rat, per day, and 3 mg of dibenzanthra- 
cene per rat, per v, eek 

The average concentration of serum albumin of group A varied from 3 9 to 4 9 
gm per cent, of group B from 3 6 to 5 4 gm per cent, of group C from 3 6 to 
5 5 gm per cent, and of group D from 3 4 to 5 7 gm per cent (Table VIH) 
Furthermore, the average ratios of albumin to globulin m the serum of 
groups C and D were not significantly lower than those of groups A and B 
These values for groups A, B, C, and D m that order were at the end of 4 weeks 
1 25, 1 63, 1 30, and 1 43, at the end of 8 weeks, 1 70, 1 50, 1 44, and 1 31, and 
finally at the end of 12 weeks, 2 46, 5 40, 6 34, and 5 43 The concentrations 
of globulin m the serum of the four groups varied considerably and accordingly 
these variations were reflected in the wide fluctuation of the A/ G ratios 

(/;) The Ratios of the Concentration of Eslenfcd to Total Cholesterol in the 
Serum At no time were the ratios of estenfied to total cholesterol abnormally 
altered m the serum of those rats which received the carcinogen After the 
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animals of groups C and D had each received the dibenzanthracene for 4 weeks 
these ratios were 70 and 75 per cent respectively, whereas those for groups A 
and B were 75 and 70 per cent respectively Again, at the end of 8 weeks, the 
ratios for groups A, B, C, and D in that order were 86, 84, 71, and 85 per cent, 
and at the end of 12 weeks 73, 62, 66, and 72 per cent (Table IX) 

(t) The Daily Urinary Excretion of Glncuronaies, and of Total and Conjugated 
Phenols The unne was collected from each group of animals for 5 days during 
the 4th, 8th, and 12th weeks of the experiment Determinations of the dally 
output of glucuronates, however were made onl> during the 4th and 12th 
weeks, and at those times no significantly abnormal decrease m the amounts 
excreted by groups C and D were found During the 4th week, the a nima ls 

TABLE IX 

The Average Concentrations of Fret and Esterified Cholesterol in the Serum of the Rats on the 
Basal Diet and of Those It kick Rtcetvtd Supplements of I itamin A and of 
Dibcmanlkraccn* 



Group A received bad (bet clone group B received diet and 200 ujj> units of vitamin A 
per rat, per day group C received diet and 3 mg of dibemanthracene per rat, per week group 
D received diet and 200 U.E.P umta of vitamin A per rat, per day and 3 mg of dibeiuau 
thracene per rat, per week. 

of groups A, B, and C excreted 4.5 mg per rat per day, and those of group D 
5 0 mg per rat per day During the 12th week, group A excreted 4 0 mg per 
rat per day, group B 5.5 mg , group C 5 0 mg , and group D 4 25 mg per rat, 
per day 

During the periods of collection the daily excretion of total and of conjugated 
phenol by the animals m groups C and D were within the limits of those ex 
creted by the rats which did not receive the carcinogen The urinary output 
of total phenols by groups A, B, C, and D respectively were 2 8, 4 0, 3 2, and 
3.3 mg per day during the 4th week, 4 1 1 9, 4 7, and 3 55 mg per day during 
the 8th weeks, and 3 8, 3 1, 4.2 and 3 8 mg per day during the 12th week 
Furthermore, the degree of phenol conjugation by the rats of groups C and B 
during these periods were at all tunes within the normal limits The ratio of 
the outputs of total to conjugated phenol of groups A, B, C, and D m that 




154 


HEPATIC VITAMIN A 


order were 23, 26, 30, and 24 per cent in the 4th week, 33, 22, 23, and 24 per 
cent in the 8th week, and 34, 34, 37, and 37 per cent m the 12th week (Table X) 
(j) The Concentration of Riboflavin m the Liver Goemer has demonstrated 

TABLE X 

The Average Excretion of Clucuronates, Told Phenol, and Phenol Esters in the Urine of the 
Rats in the Basal Diet and of Those Which Received Supplements of Vitamin A and 

of Dibenzanthracene 


Haring the coarse o t the 


Group 

4th wk 

8th wk 

1 12th wk 


Glucuro 

nates 

Total 
phenol 1 

Phenol 

ester* 

Total 

phenol 

Phenol ' 
esters 

Glucuro 

nates 

Total 

phenol 

Phenol 

eitera 

■ 

mg /rat 
per day 

mg /rat 
per day 

mg / rat 
per day 

mg / rat 
Per day 

mg / rat 
per day 

mg f rat 
per day 

mg /rat 
per day 

mg /rat 
per day 

1 

4 5 

2 8 

0 6 

4 1 

1 7 


3 8 

1 3 

B 

4 5 

4 0 

1 05 

1 9 

0 4 

5 5 

3 1 


C 

4 5 

3 2 

1 0 

4 7 

1 1 

5 0 

4 2 

1 6 

D 

5 0 

3 3 

0 8 

3 55 

0 85 

4 25 

3 8 

1 4 


Group A received basal diet alone, group B received diet and 200 dsp units o f vitamin A 
per rat, per day, group C received diet and 3 mg of dibenzanthracene per rat, per week, 
group D received diet and 200 u s p units of vitamin A per rat, per day, and 3 mg of dibenz- 
anthracene per rat, per week. 


TABLE XI 


The Average Concentration of Riboflavin in the Livers of the Rats on the Basal Diet and of Those 
Which Received Supplements of Vitamin A and of Dibcnzanlhracenc 


Group 

At the end of 

4 vrk» 

8 wks 

12 wks 


Pi 

fit 

fit 

A 

17 

30 

34 

B 

17 

33 

30 

C 

IS 

30 5 

28 

D 

15 

29 

30 


Group A received basal diet alone, group B received diet and 200 u s J* units of vitamin A 
per rat, per day, group C received diet and 3 mg of dibenzanthracene per rat, per week, 
group D received diet and 200 u s P units of vitamin A per rat, per daj, and 3 mg of dibenz- 
anthracene per rat, per week 

that whereas the a dminis tration of dibenzanthracene to the rat depletes and 
prevents the establishment of the hepatic store of vitamin A, the carcinogen is 
without effect upon the concentrations of vitamin C in the liver (1) To in- 
vestigate further the possibility that the primary effect of the dfbenzanthracene 
is on the hepatic store of vitamin A, determinations were made of the concen- 
trations of riboflavin in the livers of the a nim als studied 
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At the end of the 4th week of the experiment, the hepatic concentrations of 
riboflavin ^ ere for groups A, B, C, and D respectively 17, 17, 15, and 15 fig 
per gm wet weight. At the end of the 8th week, the average concentre 
tions were 30, 33, 30.5, and 29 fig per gm., and at the end of the 12th 
week, 34, 30, 28, and 30 per gm wet weight for groups A, B, C, and D 
respectively (Table XI) 

Thus, it would appear that the administration of the carcinogen depletes 
neither the hepatic store of vitamin C nor that of vitamin B* 

The evidence at hand indicates, therefore, that the parenteral administration 
of dibenzanthracene to rats does produce an hepatomegaly but not a general 
hepatic insufficiency This conclusion is based upon the observation that the 
rats which received the carcinogen did not have any sig nifican t fatty infiltra 
tion of their livers nor abnonnall> low hepatic content of phospholipids. The 
livers contain normal amounts of “alb umin 11 and make normal amounts of 
serum albumin, estenfy normal amounts of cholesterol and phenol, and syn 
thesize and conjugate normal amounts of glucuronic acid. Furthermore, the 
administration of the carcinogen to the rats does not impair the ability of their 
livers to store all vitamins, since such livers retain normal concentrations of 
riboflavin and of vitamin C (1) 

Experiments to Ascertain Whether or Not a Competition Exists Between Dihen 
xanlhracene and Vitamin A for the Storage of the Vitamin tn the Liver 

From the data presented it would appear that the injection of dibenxan 
thracene into the rat in some manner impairs the ability of vitamin A to 
remain in the liver A similar situation has been found to exist when the 
carcinogen, butter yellow, is fed to the rat (4) The administration of this 
carcinogen decreases the hepatic stores of diphosphopyndine nucleotide and 
of riboflavin Furthermore, the introduction of certain metabolites of butter 
yellow mto a suspension of yeast apozymase has been shown to reduce the 
activity of diphosphopyndine nucleotide, a denvative of nicotinic acid, 
probably b> blocking the nucleotide from its attachment to its specific enzyme 
(20) This block, however, can be prevented tn vitro by the introduction mto 
the system of excess amounts of the nucleotide This fact suggests the exist 
ence of a competition tn vitro between the metabolite of butter yellow and 
the diphosphopyndine nucleotide for the specific enzyme protein, and perhaps 
a similar competition exists in the liv er of the animal fed butter yellow Hence 
should it be possible to demonstrate that the ability of dibenzanthraccne to 
reduce the liver content of vitamin A could be prevented by the simultaneous 
administration of excess amounts of vitamin A, then it would be reasonable 
to assume the existence of a similar competition between dibenzanthraccne 
and vi tamin A for the storage of the vita m i n Furthermore, it would appear 
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that the presence of dibenzanthracene, or its metabolites, specifically impairs 
the means by which vitamin A is anchored in the hver 

Accordingly, this hypothesis was subjected to a simple experiment Four 
groups of Sherman strain rats, E, F, G, and H, whose initial weights varied 
from 85 to 105 gm were placed on the same diet as that given the animals in 
the previous experiment Each rat received at weekly intervals 3 mg of 
dibenzanthracene intrapentoneally for 8 weeks Group E consisted of 21 
animals which received only the diet and the carcinogen Group F, of 10 
animals, received in addition an oral supplement of 200 u s p units of vitamin 
A per rat, per day Group G, of 11 animals, received an oral supplement of 
400 u s.p units of vit amin A per rat, per day Finally, the 11 animals of 
Group H received no supplements of vitamin A, but instead 1 5 gm of Fleisch- 
mann’s brewers’ yeast each day This last group was mcluded m order to 
determine whether or not the administration of a crude supplement of the B 
vitamins and choline also might not counteract the effect of the carcinogen on 
the hepatic store of vitamm A 

At the end of the 8th week of this experiment, 5 unselected rats of each group 
were sacrificed and determinations made of their hepatic and blood levels of 
vitamm A The average hepatic concentration of the vitamin of groups E, 
F, G, and H respectively were 750, 1125, 1560, and 394 tr s p units per gm 
wet weight (Table XII) Thus, the values obtained for groups E, F, and G 
indicated at once that the simultaneous administration of increasing amounts 
of vitamm A exerted a graded countereffect on the ability of dibenzanthracene 
to impair the hepatic storage of this vitamm Indeed, this countereffect was 
noted in the previous experiment at the end of the first 4 week period At 
that time the average vitamm A m the fivers of the rats which had received the 
carcinogen alone (group C) was 104 u sm units per gm , whereas that of the 
animals which received both the carcinogen and 200 usp units of vitamin A 
daily was 190 usp units per gm In the previous experiment, however, this 
relationship no longer existed at the end of the 8th or 12th weeks Why the 
daily administration of 200 u s.p units of vitamin A in the first experiment 
counteracted the effect of dibenzanthracene for 4 weeks but not for 8 weeks, 
whereas it still did so in the second, cannot be explained at this time 

In this second experiment, at the end of 8 weeks the average levels of vitamin 
A in the plasma of groups E, F, G, and H respectively were 183, 300, 400, and 
160 usp units per cent For groups E, F, and G these increasing plasma 
levels probably reflected only the corresponding increase m the hepatic con- 
centration of the vitamm (19) (Table XH3) 

It is to be noted that the average concentration of the vitamm in both the 
fiver and plasma of the animals which received yeast (group H) were even 
lower rhan those of group E The animals of the former group had received no 
less vitamm A than had those of the latter 
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Since it was found that the administration of excess amounts of vitamin A 
could counteract the ability of dibenzanthracene to impair hepatic storage of 
the vitamin, it was next desirable to determine whether or not the injection of 
larger amounts of the carcinogen, in turn, could counterbalance the “pro tec 
tive” effects of the vitamin A supplements Should such a counterbalance be 
demonstrated then the hypothesis that a competition exists between the car 
cmogen and vitamin A for the hepatic storage of the vitamin would have some 
further support 


TABLE XU 

The Average Concentration oj \ tia min A in 
the ZAters of ike Rats Which Received 
Dibenzanthracene and Supplements 
of Vitamin A or Teasi 


Group 

At tlx end of 

8 wk* 

12 wt*. 


a-t.r tatits 
ftr pn 

f*r Cm 

E 1 

750 

685 

F 

1125 

664 

G 

1560 

893 

H 

394 

228 


Group E received basal diet and 3 mg 
of dibennuthniccne per rat, per week for 8 
weeki and 5 mg of dibenzanthracene per 
rat, per week thereafter Group F re- 
ceived, in addition 200 dap units of vita 
min A per rat, per day- group G received 
400 UJJ units per rat per da) group H 
received 1 5 gm of yea*t per rat per day 


TABLE \m 

The Average Concentration of Vitamin A in 
the Plasma of tie Rais Which Received 
Dibenzanthracene and Supplements 
of Vitamin A or Yeast 


Group 

1 At Uk cad of 

8 wt» 

12 *U. 


da» nils 
HrlOOmt 

oner mmlts 

Per 100 ml 

E 

183 | 

288 

F 

300 

300 

G 

400 

250 

H 

160 

275 


Group E received basal diet and 3 mg 
of dlbenzanthrtcene per rat, per week for S 
weeks and 5 mg of dibenxan tbxacene per 
rat, per week thereafter Group F re 
ceived in addition 200 ujlp units of vita 
min A per rat, per day group G received 
400 DJA units per rat, per da j group H 
received 1.5 gm of yeast per rat, per day 


In an attempt to provide this evidence the remaining anim als of groups E, F, 
G, and H were given weekly injections of 5, instead of 3, mg of dibenxan thru 
cene. At the end of 12 weeks, after 4 of the larger injections had been ad 
ministered to each rat, all of the animals were sacrificed and determinations 
made of vitamin A in their livers and plasma 
Previously it had been demonstrated that at the end of the 8th week the daily 
ingestion of 200 (group F) and 400 (group G) u 8.P units of vitamin A by rats 
which received onlj 3 mg of dibenzanthracene weekly had increased their 
average hepatic concentrations of the vit amin by 50 and by 108 pier cent re- 
spectively over that found in the control group (E) However, after the weekly 

dose of carcinogen had been raised to 5 mg , the average hepatic concentration 
of the vitamin had fallen in groups E, F, G, and H respectively to 685, 664, 898, 
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and 228 v s J? units per gm wet weight Thus, the daily ingestion of 200 
u s p units of vitamin A by the rats which received 5 mg of the carcinogen no 
longer was able to increase the hepatic store of the vit amin , and the daily in- 
gestion of 400 tr s.p units by these animals was able to effect only an increased 
hepatic concentration of vitamin A of 31 per cent instead of 108 per cent 
(Table XH) 

Hence, the ability of the dibenzanthracene to interfere with the storage of 
vitamin A by the liver not only can be counteracted by the simultaneous ad- 
ministration of an excess of vitamin A, but this counteraction, in turn, can be 
overcome by the addition of larger amounts of the carcinogen Such a 
relationship indicates the possible existence of a competition between 
vitamin A and dibenzanthracene, for some component of the liver, possibly 
protein, with which vitamin A normally is conjugated The success in this 
competition apparently depends upon the relative concentrations of the two 
competmg substances 

At the end of the 12th week, when each rat had received 8 injections of 3 mg 
of dibenzanthracene, and 4 injections of 5 mg of the carcinogen, the average 
plasma levels of the vitamin of groups E, F, G, and H were 288, 300, 250, and 
275 u sj> units There appears to be no obvious correlation between these 
levels and those of the livers of the corresponding groups (Table XIII) 

It is of interest to note that the average hepatic concentration of vitamin A m 
the animals which received the supplements of yeast (group H) remained sig- 
nificantly lower than even that of the control group E Thus, it would appear 
that the simultaneous administration of yeast to the dibenzanthracene treated 
rat certainly does not protect the animal from the effects of the carcinogen on 
the hepatic storage of vitamin A 


DISCUSSION 

In the present study an attempt has been made to ascertain whether the 
ability of dibenzanthracene to impede the storage of vitamin A by the rat liver 
is due to a general hepatic insufficiency caused by the carcinogen or to an im- 
pairment of a specific function of the liver Inasmuch as the liver performs 
multiple functions, it is reasonable to believe that no single test could measure 
adequately the efficiency of the whole organ Therefore, by the quantitative 
measurement of various intermediary or end products of liver metabolism, and 
then by the consideration of the results as a whole, it was felt that the presence 
or absence of general hepatic damage could be recognized In this study, 
measurements of hver function were selected arbitrarily and thus it is necessary 
to consider the evidence which would indicate that the tests employed in this 
study provided adequate indices 

1 ' The Hepatic Concentration of Total Lipid and Phospholipid —It is now a 
well established fact that the hver is concerned intimately in the intermediary 
metabolism of lipoids (21) and that m many conditions associated with hepatic 
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damage there occurs a striking accumulation of fat in the liver cells An in 
crease in he concentration of neutral fat and a decrease of phospholipids has 
been found especially m the livers of patients with alcoholic hepatic cirrhosis 
(22), and m a nim als grven various tone agents (23) 

2 Total Protein, Albumin, and Globulin — The best evidence at hand thus far 
indicates that the lrver is of primary importance in the formation, storage, and 
exchange of plasma protein Fibnnogen, and probably the albumins, are pro- 
duced only by the liver cells (24) 

Abnormal levels of circulating plasma protein are reached only when the 
protein stores, chiefly in the liver, are decreased The normal animal , depleted 
of its protein stores, readily can synthesize alb umin , globulin and fibnnogen 
from a proper mixture of amino acids, but those proteins are deposited first m 
the liver and other organs, and do not appear in the plasma until the body stores 
have been reestablished. In a damaged fiver the synthesis of protein from 
amino adds is altered, and the circulating concentrations of plasma protein 
continue to decrease with further hepatic damage The disappearance of the 
hepatic stores of protein with damage to the liver now has been shown both ex 
penmentally and in human individuals with hepatic cirrhosis (24) 

3 Cholesterol s and Cholesterol Esters — The serum concentration of total 
cholesterol and the ratio of free to esterified cholesterol m the normal healthy 
animal is mam tamed within rather narrow limits The esterification of this 
sterol is accomplished chiefly in the liver and the ability of the damaged liver to 
perform this function is considerably decreased (25) 

4 Glucuronic Acid — It has been demonstrated that several aromatic com 
pounds normally are conjugated with glucuronic acid and excreted as glucuron 
a tea in the irnne This conjugation has been considered to be a form of detaufi 
cation The liver is the chief site both for the synthesis of glucuronic acid and 
its conjugation to other aromatic compounds Livers of rats injured by phos- 
phorus soon lose their capacity to synthesize glucuronic acid (26) 

5 Phenol and Phenol Esters — Detailed studies of the metabolism of phenol 
have demonstrated that the synthesis of phenol sulfuric and phenol glucuronic 
acids take* place only m the hepatic parenchyma. The exclusion of the lrver 
from the normal circulation by an Eck fistula eliminates phenol conjugation 
Likewise extensive lrver injury due to various toxic agents always will lessen 
phenol conjugation Extreme and fatal hepatic injury will reduce phenol 
conjugation to zero (27) 

In conclusion, it would appear that adequate measures were taken to demon 
strate the possible existence of hepatic insufficiency The fact that none of the 
functions studied were altered in the animals indicates that dibenzantfiracene is 
not a general hepatotoxm but, according to the data thus far available, ap- 
parently affects particularly that function of the fiver which is concerned with 
the metabolism of vitamin A. 

This particular effect of the carcinogen can be obviated to some measure by 
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Elementary bodies of vaccinia, obtained by differential centrifugation of the 
dermal pulp of infected rabbits, have been shown to satisfy many of the cn 
term laid down by workers in protein chemistry for pure biological entitles. 
Chemical examination of this purified virus has revealed the presence of many 
substances common to protoplasm, including certain of the vitamin catalysts, 
and at least one metallic component, copper, which seems to bear an intimate 
relationship to the final infective product (1-5) 

Macfarlane .and Salaman (6) have reported the presence of catalase and 
phosphatase m purified elementary bodies of vaccinia, but were unable to 
demonstrate dehydrogenase activity of any type, although the reaction of 
the vims with a variety of dyes and substrates was studied The assumption 
by these workers that the catalase and phosphatase activity of their vims 
preparations was due to the virus, and not to possible tissue contaminants, was 
based on the observation that phosphatase and catalase were greatly concen- 
trated during the process of virus purification, while dehydrogenases, which 
were present m high titer in the tissues and cell fragments from which the vims 
was separated, were absent from the final virus product The possibility 
that the occurrence of phosphatase and catalase may have been due to surface 
adsorption was entertained, but was not considered likely because frequent 
washing of the virus failed to elute them. 

As a continuation of previous studies on the nature of the constituents of 
purified elementary bodies of vaccinia, we decided to repeat the studies of 
Macfarlane and Salaman, and to extend them to certain other enzymes which 
are found in the host tissues from which the virus is prepared, and which might, 
therefore, be associated with the purified vims. The results of a search for 
oxidative enzymes have appeared in earlier communications (3, 4) 

Matenals and Methods 

A detailed description of the technique for securing relatively large quanti 
ties of purified elementary bodies of vaccinia has been published previously 
(1) Elementary bodies prepared by this method show a high mfectmty 
elementary body ratio and a constant chemical composition. Although 
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hydrolytic enzymes are remarkably stable and, when dried from the frozen 
state and stored at low temperatures, retain their activity undimimshed for 
many months, the dehydrogenases, on the other hand, are extremely labile 
and maintain their activity for relatively short periods of time In order to 
rule out as far as possible the factor of enzyme lability, only those lots of freshly 
prepared virus which showed high infective titers were used in these studies 
The methods employed for the quantitative determination of the enzymes in 
elementary bodies of vaccinia were tested on substrates and enzyme prepara- 
tions of known purity and found to yield satisfactory results before bemg 
apphed to studies on the enzyme constituents of the virus Because of the 
limited quantity of virus available, certain of the methods had to be modified 
in order to permit quantitative determinations on small amounts of material 

Tests for Dehydrogenase Activity 

Macfarlane and Salaman were unable to demonstrate dehydrogenase activ- 
ity in then preparations of elementary bodies by the usual Thunberg tech- 
nique at pH 7 2 and 37°C There are certain disadvantages inherent in the 
use of the Thunberg technique, however, m that it is essentially a time reaction, 
with the end pomt depending on recognizable decolonzation of a dye More- 
over, certain dehydrogenases may show marked inhibition by the concentration 
of methylene blue, or other dyes of suitable potential, which it is necessary 
to use in order to demonstrate reduction (7) Recently Quastel and Wheatley 
(8) have devised a method for the determination of dehydrogenase activity 
which differs materially from the Thunberg technique, and which lends itself 
to the use of smaller quantities of material This method depends on the fact 
that electrons from hydrogen, which is taken up by coenzyme m the presence 
of a given dehydrogenase and its appropriate substrate, are transferred to a 
suitable metafile acceptor, such as ferric ion The hydrogen ions, produced 
by this electron transfer, react m turn with bicarbonate buffer to yield carbon 
dioxide, which can be measured in the Warburg manometer By the simple 
process of changing substrates, tests may be made with relative ease for a large 
series of dehydrogenases and the results expressed quantitatively in terms of 
carbon dioxide evolution By means of this method, elementary bodies of 
vaccinia have been tested for malate, succinate, lactate, and pyruvate dehydro- 
genase activities 

Malate Dehydrogenase —10 mg of freshly prepared virus were placed m Warburg 
flasks and suspended m a mixture of 0 15 cc. of 0 2 molar sodium malate and 1 35 cc 
of 0 9 per cent sodium chloride containing coenzyme prepared from red blood cells 
To the side arm receptacle of the flask were added 0 1 cc of 0 03 molar sodium cya- 
nide, 0 4 cc of 0 16 molar sodium bicarbonate, and 0 2 cc. of 10 per cent sodium 
femeyamde A small stick of yellow phosphorus was placed in the center inset to 
insure anaerobiosis, and the flasks were equilibrated with pure nitrogen gas Appro- 
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priate controls of reagents with saline replacing the virus, were set up at the same 
time. The flasks and contents were brought to 37°C. in the water bath, and the 
shaker set at 100 per mmute. When temperature equilibrium had been achieved the 
contents of the side arm were tilted into the reaction flasks and manometric readings 
taken at 10 minute intervals Iso evolution of carbon dioxide over that in the con 
trols without virus, was observed at the end of 90 minutes and the experiment was 
discontinued Three lots of virus were tested for malic dehydrogenase with 
negative results in each case. 

Succinate, Laciate, and Pyruvate Dehydrogenases — Tests were performed for sue 
cinate, lactate and pyruvate dehj drogenases after the manner described for malatc 
dehvdrogcnase, with the substitution of 0.2 molar sodium sucanatc, lactate, and 
pyruvate, respectively, for sodium malate. Tests for each of these dehydrogenases 
were performed on two lots of virus with negative results in each instance. If the 
virus Initially possessed dehydrogenase activity toward any of the four substrates 
tested, such activity was very likely destroyed by the washing and centrifuging 
processes to which the virus was subjected dunng purification. Tests for other 
dehydrogenases were not performed. Macfarlane and Dolby (9) however, report 
negative tests on elementary bodies for tnosephosphate and hexosemonophosphate 
dehydrogenases. These authors likewise were unable to obtain evidence of lactate 
dehydrogenase. 


Tests for Phosphatase Activity 

Macfarlane and Salaman tested seven preparations of elementary bodies 
for phosphatase activity (6) with positive results in every case Elementary 
bodies prepared in our laboratories were found likewise to exhibit phosphatase 
activity, and to an extent approximating that reported by these authors for 
their material Our studies have been extended, however, and show, we 
believe, that the presence of phosphatase in the elementary body may well be 
accounted for by its having been adsorbed from tissue detritus, and that it is 
not, as these authors suggest, necessarily to be regarded as an integral part 
of the virus 

P-Glycero phosphatase Activity —To 5 mg. of freshly prepared elementary bodies 
were added 5 cc. of a 0-glycerophosphate-bufFer mixture containing a final concentra 
tion of 0 066 molar sodium barbital The pH of the mixture was 8 9 as determined 
by the glass electrode. An appropriate control of pancreatic phosphatase was set 
up at the same time. The mixture was incubated for 1 hour at 37°C. and 0 5 cc. of 
10 per cent trichloracetic aad was added to stop enxymatic action and to precipitate 
the virus. The mixture was then centrifuged and inorganic phosphorus determined 
in the supernatant fluid by the method of Fiske and Subbarow (10) The results 
of the determination of phosphatase activity on four lots of elementary bodies are 
given in Table I. The activity is expressed in terms of milligrams of phosphorus 
hydrolyzed per milligram of virus per hour The results although somewhat more 
constant from lot to lot, agree fairly well within a given pH range with those reported 
by Macfarlane and Salaman. 
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Adsorption of Phosphatase by Elementary Bodies of Vaccinia —The presence 
of phosphatase in elementary bodies of vaccinia means either that the enzyme 
is an integral part of the virus, or that its presence in the virus is to be ac- 
counted for on the basis of adsorption of the enzyme from the host tissues, from 
which the virus was separated m the process of purification The latter 
hypothesis seems likely when it is considered that large quantities of rup- 
tured white cell elements and tissue detritus, rich in phosphatase, accompany 
the virus in its initial stages of preparation This set of conditions, together 

TABLE I 


Phosphatase Activity of Elementary Bodies of Vaccinia ' 


Lot 

Virus taken for 
determination 

Phosphorus hydrolyzed 

Phosphatase activity 
mg P /weight of virus 


me 

mg 


i 

5 

0 240 

0 048 

2 

5 

0 250 

0 050 

3 

5 

0 265 

0 055 

4 

5 

0 245 

0 049 


TABLE H 

Phosphatase Activity of Elementary Bodies of Vaccinia Which Have Been Suspended 1 Hour in 
Dilute Phosphatase Solution and Washed until Buffers of Varying pH 


Lot 

Vims taken for 
determination 

Phosphorus hydrolyzed 

Phosphatase activity 
mg P/vrelght of vims 


ms j 

mt 


i 

5 

0 618 

0 121 

2 1 

5 

0 510 

0 102 

3 

5 

0 780 

0 156 

4 ] 

5 

0 492 

0 098 


with the large surface area possessed by the elementary body, renders the 
adsorption hypothesis highly tenable To test this possibility, elementary 
bodies of known phosphatase content were suspended in a dilute solution of 
purified pancreatic phosphatase, washed repeatedly with buffer solutions of 
varying pH, and retested for phosphatase activity 

Phosphatase, partially purified by fractional precipitation from a sodium chloride 
extract of dried pancreatm, was dried from the frozen state and the activity found to 
be approximately ten times that of the original pancreatm, on the basis of dry weight 
1 mg of the crude phosphatase was dissolved in 10 cc of 0 9 per cent sodium chloride, 
with the formation of a perfectly clear solution Elementary bodies, m 5 mg lots, 
were suspended m 5 cc of this solution and allowed to remain for 1 hour at 20°C At 
the end of this period the virus was recovered by centrifugation, washed alternately 
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by centrifugation and resuspension in successive 5 cc. portions of buffer solutions of 
pH 6 and 8, respectively Four individual washings were performed, two with each 
buffer, and the virus resuspended in 5 cc. of the 0 -glycerophosphate substrate-buffer 
mixture previously described At the end of a 1 hour period of incubation at37°C. 
inorganic phosphorus determinations were made. The results are recorded in 
Table H. 

The virus, in some instances, showed a threefold increase in phosphatase 
value after treatment with a dilute solution of crude phosphatase. That the 
increase in phosphatase activity was real, and not an apparent one from phos- 
phatase which might have been earned over in solution by dilution in the 
washing process, was shown by the failure to obtain measurable phosphatase 
activity in the third and fourth buffer solutions from which the phosphatase- 
treated virus was recovered This experiment indicates that the phosphatase 
activity shown by purified elementary bodies of vaccinia may well be due to 
adsorption, and that failure to remove the enzyme by repeated washing is not 
sufficient evidence to prove that it was an integral part of the virus. On the 
other hand, it does not constitute positive evidence that the phosphatase activ 
lty ongmally shown by the virus was due solely to adsorption of enzyme At 
the moment an experiment which would offer an unequivocal solution of this 
problem does not suggest itself 

Catalase Activity of Elementary Bodies 

In our laboratory all preparations of elementary bodies tested for catalase 
have thus far yielded positive results. This feet is not surprising when it is 
considered that the virus is in contact with tissue detritus and cell fragments, 
nch in catalase, m its earlier stages of preparation That the enzyme is not 
carried over by dilution of tissue juices accompanying the virus has been 
shown by the fact that the successive buffers in which the virus is washed m 
the course of its purification yield negative tests for catalase In order to 
show that the catalase is an integral part of the virus, however, it is first neces- 
sary to rule out the possibility of adsorption. This, as the following expen 
ment shows, it is difficult to do The feet that elementary body preparations 
will adsorb and hold tenaaousl> large amounts of catalase from dilute solu 
tions makes tenable the explanation that the catalase m the purified virus has 
been adsorbed. 

Determination of Catalase . — 2 cc. of a 0 1 per cent hydrogen peroxide solution in 
0 15 molar potassium add phosphate buffer, pH 7 0, were placed in a Warburg respira 
tion flask. To the side arm were added 5 mg. of elementary bodies suspended in 
0.5 cc. of dilute phosphate buffer Appropriate controls, with buffer solution re- 
placing the virus, were set up at the same time. The flasks were attached to the 
manometers and shaken in a water bath at 20°C When temperature equilibrium 
had been achieved the vims was tilted from the side arm Into the reaction flask and 
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changes in oxygen tension read at 5 minute intervals The results for five prepara- 
tions of elementary bodies are recorded in Table in The catalase activity has been 
expressed as the Kat f value, which is the conventional term for ratio of the velocity 
constant, k, to the dry weight of the test material, or virus, on which the determina- 
tion was performed 

The velocity constants, and the consequent Kat f values, for our prepara- 
tions are significantly lower than those reported by Macfarlane and Salaman 
It is possible that this discrepancy is to be explained by certain differences in 
the methods used for the determination of catalase activity As may be seen 
from Table m, different lots of elementary bodies vary widely m their catalase 
content Lot 3, for example, shows over ten times the activity of lot 2 This 
may be explained m part by the lability of catalase to the conditions imposed 
by the process of virus purification, and perhaps m part by the differences in 
catalase content of the cell fragments from which the virus was prepared 


TABLE m 

The Catalase Activity of Purified Elementary Bodies of Vaccinia 


Lot 

Vims token for 
determination 

A 

(velocity constant) 

Catalase activity Kat f 
(*/gm. of virus) 

i 

wr 

5 

0 00173 

0 346 

2 

5 

0 00087 

0 174 

3 

1 5 

0 00903 

1 810 

4 

1 5 

0 00130 

0 260 

5 

5 

0 00260 

0 520 


Adsorption of Catalase by Elementary Bodies of Vaccinia — Catalase was prepared 
in crystalline form from ox fiver by the method of Sumner and Dounce (11) A solu- 
tion of the crystals was diluted so that 1 cc. gave an oxygen uptake, with a hydrogen 
peroxide substrate in the Warburg flask, of approximately 3 to 4 cm per minute. 
5 mg of elementary bodies, of known catalase activity, "were suspended in 5 cc, of 
this solution for 1 hour at 2Q°C At the end of this penod the virus was collected by 
centrifugation and washed repeatedly with dilute buffer until the supernatant solu- 
tion gave a negative test for catalase The virus was reclaimed by centrifugation 
and dried from the frozen state 2 mg quantities of the catalase-treated virus were 
set up in the Warburg apparatus, and the oxygen tension developing from the catalase 
action on hydrogen peroxide determined in the manner previously described The 
activity was so great as to render accurate rate determinations impossible Within 
1 minute a tension of 200 cm and more of oxygen was developed A determination 
of the velocity constant at this rate of oxygen evolution was impossible 

The experiment showed clearly that the virus possessed great surface affinity 
for catalase, and that relatively large amounts of the enzyme had been ad- 
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sorbed, and, moreover, that it had not been removed by frequent washing 
In the light of these facts, the conclusion that the original catalase action of 
the virus ma> have been due to adsorbed enzyme is hard to escape 

Lipase Activity of Elementary Bodies of Vaccinia 

Most tissues are rich in enzymes capable of hydrolyzing fatty acid esters 
of glycerol These enzymes, which are referred to as lipases or esterases, are 
extremely stable, and would be expected to withstand the wash mg and cen 
tnfugmg procedures to which elementary bodies are subjected m the course of 
their purification. Lipase determinations were accordingly made on several 
lots of the purified virus. 

Ditcrmnalum of Lipase Admty — A number of methods for the determination of 
lipase activity exist The methods most commonly employed are based on the values 
obtained from the titration of the fatty acid released by the hydrolysis of suitable 
fatty aad esters. A manometric method devised by one of us, in which the carbon 
dioxide released by the reaction of the fatty add with a bicarbonate buffer is employed 
as a measure of bpase activity, has been used successfully in this laboratory for some 
time (12) The method gives accurate reaction rates and males use of the slope of 
the linear portion of the curve, obtained b} plotting carbon dioxide evolution against 
time, as a measure of the activity of the enzyme. 

5 mg of elementary bodies, suspended in 0 5 cc. of saline, were placed in the side 
arm of a Warburg respiration flask. To the flask were added 1 cc. of a 10 per cent 
emulsion of tributyrin in water, neutralized to a phenol red end point with sodium 
h> dioxide, and 1 cc. of a bicarbonate buffer solution, containing 4.5365 gm. of sodium 
bicarbonate per liter When this mixture was equilibrated with 5 per cent carbon 
dioxide, and diluted 1 1 with the tributynn emulsion, a bpase substrate of pH 7 8 was 
obtained. The flask was equilibrated with a stream of pure carbon dioxide until the 
substrate became add to phenol red at which time a 5 per cent carbon dioxide-95 per 
cent nitrogen mixture was substituted for pure carbon dioxide and equilibration con 
tinned until a 5 per cent concentration of carbon dioxide in the flask was assured. 
Appropriate controls on the reagents, with saline replacing the virus suspension, were 
set up at the same time and likewise equilibrated. The flask attached to the manom 
eter, was then shaken in a water bath at 37 C. When temperature eq uil ibrium had 
been achieved, the contents of the side arm were tilted Into the reaction vessel and 
the increase in carbon dioxide tension read at 5 minute intervals. The results of a 
typical reaction are given in Fig 1 

Five lots of elementary bodies have been tested for lipase activity with 
positive results m each instance. From Fig 1 it may be seen that the hydrol 
ysis of tributynn by elementary bodies of vaccinia is effected readily and at a 
constant rate over a long interval of time 

It was next decided to test the adsorptive capacity of elementary bodies for 
bpase in a manner analogous to that described for the adsorption of phosphatase 
and catalase. 
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Adsorptwn of Lipase by Elementary Bodies of Vaccinia — Lipase was prepared by 
ammonium sulfate precipitation of the globulin in a 10 per cent sodium chloride ex- 
tract of dried pancreatin The crude lipase globulin obtained from the sodium 
chloride extract was dialyzed for 24 hours against distilled water at 4°C to remove 
salts and finally dned from the frozen state. The lipase activity of this preparation 
was approximately 25 times that of the original pancreatin 20 mg of elementary 
bodies were suspended in a 0 1 per cent solution of the crude lipase preparation and 
allowed to remain 1 hour at 20°C The virus was reclaimed by centrifugation and 



Fig 1 Hydrolysis of tnbutynn by elementary bodies of vaccinia 

washed by thorough resuspension and centrifugation several tunes in 7 to 10 cc 
quantities of distilled water until the supernatant waters no longer gave a test for 
hpase The virus was dned from the frozen state and hpase determinations per- 
formed on 5 rag aliquots Values for the rate of hydrolysis of tnbutynn by lipase- 
treated virus are plotted m Fig 1 

The great capacity of purified elementary bodies to adsorb hpase is con- 
clusively demonstrated by the foregoing experiment From a relatively dilute 
solution the virus is able to effect an enormous concentration of this enzyme as 
shown by activity measurements before and after adsorption 
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Adsorptive Specificity of Elementary Bodies 

The adsorptive experiments, performed with phosphatase, catalase, and 
lipase show that the elementary body of vac ant a ha3 a highly active surface 
capable of adsorbing certain enzymes from solution. That the adsorptive 
power of the virus is an exceptionally strong one is shown by the failure to 
remove these enzymes by frequent washing with saline and dilute buffers. 
It therefore became of interest to know if th« property of the elementary body 
was exhibited indifferently to all enzymes, or if a certain degree of specificity 
in the adsorption could be demonstrated. Since the enzymes used in the 
adsorption experiments described above were of an imal origin, it was of m 
terest to know if an enzyme of vegetable origin, such as urease, might likewise 
be adsorbed 

Urease Adsorption Experiment with Elementary Bodies — 30 mg. of elementary 
bodies were suspended In a 1 per cent aqueous solution of Squibb’s urease for 
hour at 38 C. The virus was reclaimed by centrifugation and washed by resuspen 
sion and centrifugation until the supernatant wash waters no longer gave a positive 
test for urease. The virus was dried from the frozen state and urease determinations 
made on 5 mg quantities of the dned urease-treated virus The quantitative deter 
mutation of urease activity was performed by the method of Krebs and Henseleit 
(13) This method was devised for the determination of urea, but can be used equally 
welWor the determination of urease if a substrate of urea is supplied. 5 mg of urease- 
treated elementary bodies were suspended in 0.5 cc. of saline and added to the aide 
arm of a Warburg respiration flask In the bottom of the flask were placed 1 5 cc 
of a 1 per cent solution of urea and 0 5 cc. of sodium acetate-acetic add buffer, pH 5 
Enzyme controls, with 0 2 cc. of 1 per cent urease solution in the place of the virus, 
and reagent controls with saline replacing the virus, were set up at the same time. 
The flasks were attached to the manometers and shaken In a water bath at 37°C, 
When temperature equilibrium had been effected the virus was tilted into thereac 
tion mixtures and changes in carbon dioxide tension read at 5 minute intervals for 1 
hour No urease activity of the treated virus could be demonstrated, although good 
activity of the urease preparations in the control flasks was noted consistently 

The experiments with urease show that the adsorptive capadty of elementary 
bodies for enzymes is to be regarded as somewhat specific Although urease 
is known to have a high affinity for adsorbents, similar to that of enzymes m 
general, no adsorption of urease on elementary bodies could be demonstrated 
under the conditions of the experiment. Whether adsorption could have been 
demonstrated at another pH was not tested, since it was desired to lea rn only 
of the possibility of enzyme adsorption under the conditions of vims punfica 
tion which is earned out at neutral pH 

DISCUSSION 

The experiments described above show that elementary bodies of va ccinia, 
which have been prepared by washing and differential centrifugation, show 
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enzymatic activity toward a number of substrates The enzymes which have 
been found thus far, however, are those which are known to occur in high con- 
centration in white cells and tissue detritus The fact that the virus is origi- 
nally in intimate contact with various enzyme constituents m the dermal pulp 
from which the virus is prepared, makes the hypothesis that certain of these 
enzymes may be adsorbed on the virus, during the process of purification and 
concentration, a very tenable one Dehydrogenases, and other redox enzymes 
which occur m cells generally and which might be expected to be adsorbed on 
virus particles, appear to be absent If present initially, the lability of these 
enzymes might well preclude their surviving the several steps employed m the 
purification of the virus Although it has not been possible to design experi- 
ments which prove that the enzymes found in the purified virus are adsorbed 
from tissue elements, the fact that the virus will take up large quantities of 
certain enzymes from a dilute solution makes a strong case for the adsorption 
hypothesis Until methods can be devised which are capable of distinguishing 
between enzymes which represent an integral part of the virus and those which 
exist as contaminants, it would seem that the problem is impossible of solution 
So far, no enzyme protein has been found in purified elementary bodies which 
is not at the same time a known constituent of normal tissue and the presence 
of which might not be accounted for on the basis of its adsorption from the 
host cells 

In the light of the above facts concerning the adsorption of enzymes by 
elementary bodies, what may we conclude with reference to certain other con- 
stituents which have been reported in this virus, namely, lipid, carbohydrate, 
nucleoprotem, copper, flavin, and biotin (1-5)? With respect to the first three 
substances, the fact that these occur in almost stoichiometric proportions in 
different preparations of virus and that they account for a major share of the 
of the virus, goes far to preclude their bemg accounted for on the basis of 
adsorption With respect to the presence of copper, the fact that this element 
withstands electrodialysis, that it is released only upon hydrolysis of the virus, 
that it is concentrated at least 25 tunes m the process of virus purification, 
and that it occurs in constant amounts from lot to lot of elementary bodies, 
speaks strongly for its bemg an integral part of the virus In the case of flavin 
adenine dmucleotide, the discovery that this substance likewise occurs in near 
stoichiometric relationship to other vims components, and that elementary 
bodies do not adsorb additional amounts of this material from a dilute solution 
of flavin adenine dmucleotide, speaks convincingly in favor of its close rela- 
tionship to virus structure (14) As for biotin, the observation that this sub- 
stance is released m relatively large amounts during the process of hydrolysis 
(5) of the virus likewise points to an intimate association of this material with 
elementary body structure Moreover, elementary bodies show no appre- 
ciable adsorption of biotin from solution under a variety of conditions (14) 
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CONCLUSIONS 

Purified elementary bodies of vaccinia have been tested with a variety of 
substrates and found to possess phosphatase, catalase, and lipase activity 
Tests for malate, succinate, pyruvate, and lactate dehydrogenases were 
negative. 

Interpretation of these results is complicated by the observation that ele- 
mentary bodies of vaccinia adsorb relatively large quantities of certain en 
zyxnes from dilute solutions. These enzymes are not eluted by procedures 
of washing and centrifuging similar to those earned out in the preparation of 
the virus For this reason, the presence of phosphatase, catalase and lipase 
in the purified virus may well be accounted for on the basis of adsorption from 
the host tissues which are known to be rich in these particular enzymes. That 
some degree of specificity in this adsorption is to be recognized is shown by the 
failure of the virus to adsorb urease, an enzyme of vegetable origin 

Until some method can be devised which will distinguish between the en 
zymes of the host cell and those which may be integral parts of the virus it 
would seem that the problem of the enzyme constituents of vaccine virus is 
incapable of definite solution. 
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Tyrosinase is the enzyme which catalyses the aerobic oxidation of mono- 
hycLnc phenols to derivatives of catechol, and catechol derivatives to the cor 
responding quinones For example, pressor substances such as tyramine and 
adrenalin are oxidised in the presence of tyrosinase to colored products which 
are physiologically inactive. Since this reaction occurs in vitro it was thought 
that tyrosinase might have a similar effect in w vo, and might conceivably 
affect experimental hypertension in animals (1) and essential hypertension in 
human beings (2) Because it was planned to administer tyrosinase paren 
terally to test this possibility two problems were presented immediately; 
first, is the enzyme antigenic, and second, do the antibodies if produced, affect 
the activity of the enzyme? This work is an attempt to answer these questions 
Previous attempts to demonstrate the production of antibodies to the en 
zyme tyrosinase (3-5) have failed because of the crudeness of the enzyme prep- 
arations available, and because the teats employed to indicate the production 
of specific antibodies were based upon the assumption that an antibody to an 
enzyme must neutralize its catalytic activity Recognized immunological 
reactions were not used to demonstrate that antibodies bad been produced. 
In the present work purified preparations of tyrosinase were used to immunize 
rabbits, and the production of specific precipitins for the enzyme tyrosinase 
was demonstrated 


EXPERIMENTAL 

Materials and Methods — The tyrosinase used in these experiments was prepared 
from the domestic mushroom, Psalhoia campestru, In the laboratory of Professor J 
M Nelson of Columbia University (6) The preparations, which closely approached 
the highest punty thus far obtained for this enzyme, contained about 500 catechol 
hydroquin one units (7) per mg dry weight The copper content was 0 13 per cent 
of the dry weight of the enzyme. Preparations available contained 3 600 catechol 
hydroqulnone units per cc. of aqueous solution. The QOi value using the catechol 
hydroquin one substrate system was 300 000 

Immunisation — Three adult male rabbits were bled from the ear, about 10 cc. of 
blood bang taken from each for the preparation of normal control sera. These 
rabbits were then injected intravenously with a solution of tyro sina se in saline ster 
fared by passage through a Berkefeld filter Each rabbit received 1 mg of tyrosinase 
dally for 6 days, then was allowed to rest for a week. This course of treatment was 
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followed by two additional similar courses of injections, each rabbit thus receiving a 
total of 18 mg of tyrosinase over a period of 5 weeks Ten days after the final injec- 
tion of tyrosinase the rabbits were bled again and the sera tested for precipitins 
Test for Precipitation — The rabbit sera, normal and immune, were diluted with 
1 5 volumes of saline The tyrosinase at an initial concentration of 5 mg per cc or 
1 200 was diluted serially with saline Equal volumes of diluted serum and tyrosinase 


TABLE I 

Precipitin Titer of Normal and Immune Rabbit Sera 


Rabbit scrota 


Concentration of tyrosinase m the mixture 


1 

1/400 

1/1,500 

1/6,400 




Normal sera 9-93, 9-94, 9 95 

Immune serum 9 93 

Immune serum 9 94 

Immune serum 9 95 

4 — f-± 
4*4-4- 
4~f=fc 

1 

+ + + 
+ + + ± 
+ + 

4* 4*4*4- 
4-4*4- 
4*4'4'4* 

4* 4*4*4- 
4 — | — p 
+4 — b 

4-4- 

+± 

4-4- 

trace 

db 


++++ *= pronounced precipitation with dear supernatant, 
rfc = faint precipitation 
— «= no precipitation 


TABLE H 

Precipitation of Anh-PsaUiota Tyrosinase Rabbit Serum by Psalhola and Lactanus Tyrostnases 

As Antigens 


Antigen uied 

Concentration of antigen In the mixture 

1/1/500 

1/2 000 

1/4,000 

| 1/8,000 

1/16 000 

1/32 000 

Psalliota tyrosinase 

Lactanus tyrosinase 








<s pronounced precipitation with clear supernatant 


— ■=> no precipitation 

The serum used was immune serum 9 93 Experimental conditions as in Table I 

solution were mixed, incubated at 37° for 2 hours, and placed in the refrigerator over- 
night before reading The results are given in Table I 

It is evident that the sera of rabbits injected with a preparation of the en- 
zyme tyrosinase contained precipitins for the antigen used, and that such pre- 
cipitins were absent from the sera of these same rabbits before immunization 
A preparation of tyrosinase from the mushroom Lactanus piperatus of 
equivalent strength and purity (8) was tested against the antiserum to the 
Psalhola campestns tyrosinase under the conditions specified above The 
results of this experiment are included in Table II 
The tyrosinase from the mushroom Ladanus piperatus failed to show any 
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cross precipitin reaction with the antiserum to the Psalhota compel ns tyro- 
sinase. 

A preparation of Psalhota tyrosinase which had been inactivated with regard 
to catalytic activity by heating at 80° for 10 minutes was also tested in the 
same way for precipitation with antiserum to the Psalhota tyrosinase The 
results (Table HI) indicate that a temperature sufficient to destroy the catalytic 
activity of the enzyme affected but little its ability to function as a specific 
antigen m the precipitin reaction. 

Human Sera Reacting with Tyrosinase . — In connection with a study on hyper 
tension undertaken in the Hospital of The Rockefeller Institute by Dr Schroe- 
der (2) patients were treated by injections of tyrosinase. The tyrosinase, 
dissolved in physiological sa lin e, was passed through a Berkefeld filter and 
proven bacteriologically sterile before injection Blood spe cimens were ob- 


TABLE m 

Precipitation of U ted Inacthaied Tyrosinase in AtUi Tyrosinase Rabbit Scrum 


A»tfrtn DMd 

I CoocsstrsUon o t uatiftai U th« mixture 

1 

1/3,000 j 

1/15,000 

inssfioo 

iAns,ooo 

Active PsaJHoia tyroilnaae 

++++ 

++++ : 

++± 

rfc 

He*t Inactivated Psalhota tyro*ma»e 

++++ 

++4*± j 

++ | 

± 


H — I — hd" ™ pronounced precipitation with dear supernatant. 

± “ faint precipitation. 

The aenim u»ed waa immune itrtun 9-93 Experimental conditions as In Table I 


tained from some of these treated patients, as well as from normal untreated 
human beings, and sera were prepared These sera were tested for tyrosinase 
preapitins in the manner described above for rabbit sera (Table IV) 

The treatment with tyrosinase including total dosage, period of treatment, 
and interval between final injection and removal of blood samples, is sum 
marked m Table V Included m this table are observations by Dr Schroeder 
regarding the seventy of local or systemic reactions It is evident from Table 
V that there is no correlation between the quantity of antigen administered 
and the serological antibody response There is also a lack of correlation 
between the antibody response and the sensitivity of the patient to injections 
of the enzyme. The patient sometimes experienced a maximum reaction at 
the first injection obviously before any sensitization could take place. The 
reaction of the patients to injections of the enzyme wiff be discussed m greater 
detail in a paper to be published by Dr Schroeder 
Effect of Immune Rabbit Serum on the Catalytic Admiy of Psalhota cam pest ns 
Tyrosinase — Since the immune rabbit sera gave precipitin reactions with high!) 
purified preparations of the enzyme tyrosinase at an antigen concentration of 





TABLE IV 


Precipitin Tilers of Sera from Patients Treated with Tyrosinase and from Untreated Human 

Beings 


Scrum 


Concentration of tyrosinase in the mixture 



1/5,000 

1/15 000 

1/50,000 

1/500,000 

G.P 

+ 

+ + + 

+ + + 


J-P 

+ 

+ 

+ + 

— 

LG 

++ 

+ 

± 

— 

JR- 

++ 

+ 

it : 

— 

HH 

+ 

± 

trace 

— 

J-F 

± 

=fc 

— 


AX 

± 


— 

— 

JS 


— 



RX 


— 


— 

AX normal 

— 

— 

— 

— 

C M normal 

— 

— 

— 

— 

Rabbit 9-93 (immunized) 

+++X 

++++ 

++++ 



++++ 

± 


pronounced preapitation with clear supernatant 
faint preapitation 
no preapitation 


TABLE V 


Administration of Tyrosinase to Patients 


Patient 

Total 

tyro- 

sinase 

adminis 

tered 

Route of adminis 
tratlou 

Period 

of 

treat 

ment 

Interval 
betvreen 
Injection 
and blood 
sampling 

Anti 
bodies 
in blood 
sample 

local or systemic reaction ' 


mi 


days 

days 



GP 

75 

Subcutaneous 

23 

47 

+++ 

None 

JP 

40 

(( 

7 

11 

++ 

Swelling and tenderness, slight to 




28 


moderate at site of injection 

LG 

5 

Intramuscular 

5 

30 

+ 

Shock reaction, not anaphylactic 







in origin 

J-R 

250 

Subcutaneous 

100 




25 

(( 

1 

9 

6 

+ 

None 

HH 

18 

tt 

4 

8 

db 

No local reaction but high fever 

JF 

55 

tt 

I 

20 

45 

db 

Slight local reactions 

AX 

44 

tt 

30 

None 

± 

Slight local reaction 

JS 

56 

Intravenous 

22 



Moderate local reaction 

58 

Subcutaneous 

15 

46 

— 

Ri 

S3 

Intravenous 

14 





24 

Subcutaneous 

5 

15 


None 
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1/500,000 it was thought that the antisera might neutralize or inhibit the 
catalytic activity of the enzyme To test this possibility the mixture of tyro- 
sinase and rabbit antiserum after the precipitin reaction had taken place was 
titered for enzyme activity 

The immune serum from rabbit 9-93 was utilized since it had the highest precipitin 
titer As a matter of convenience the normal serum of rabbit 9-94 was utilized as the 
control. The tyroimase was so diluted with saline that the final concentration of 
tyrosinase m the mixture with serum was 1/20 000 the concentration at which 
m a ximum precipitation occurred os indicated in Table L The sera employed were 
diluted with 1.5 volumes of saline. To 1 cc. of diluted serum was added 1 cc. of 
tyrosinase m saline at a concentration of 1/10,000, an amount corresponding to 45 
units of catecholase activity The serum -antigen mixtures were incubated 2 hours 
at 3T°C. and kept overnight in the refrigerator Three centrifuge tubes were set up 
as follows — 

Tube 1 1 cc. normal serum 9 94 + 1 cc. of tyrosinase 1 /10,000 
Tubes 2 and 3 1 cc. immune serum 9-93 -f 1 cc. of tyrosinase 1/10,000 


TABLE VI 

Effect of Uomolottnu Antibody on tk t Catalytic Activity of Tjrosinast 


Babbit tenon p ha tyroilnua 

TjtoMml** ncthrltr 1> catedwkwr tmlU 
per cc. of nn»l dilation 

Normal serum 9-94 tube 1 | 

0 45 

1 

0 45 

Immune serum 9-93 tube 2 j 

0 05 


0 05 

Immune serum 9-93 tube 3 

0 46 


0 45 


No precipitate developed in tube 1 con taming the normal serum, while tubes 2 and 
3 contained a flocculent precipitate. An aliquot of tube 1 was diluted 1 50 with saline. 
Tube 2 was centnfuged to bring down the precipitate and an aliquot of the clear super 
natant was diluted 1 50 with saline Tube 3 was well stared to distribute the pre 
dpitate uniformly and an aliquot was diluted 1 50 No precipitate was noted in this 
case after dilution The enzyme in each case had been dilated to one one hundredth 
of its initial concentration and hence should have had an activity of 0 45 units per 
cc. The catecholase activities were determined m the Warburg apparatus in the 
usual manner (7) Ihe results of duplicate determinations are given in Table VI 

It is evident from this experiment that near the optimum concentration of 
enzyme and antibody for the preapitm reaction, as previously determined by 
the experiment of Table I, neither normal nor immune rabbit serum bad any 
effect on the catalytic action of tyrosinase If, however, the immune pre- 
cipitate was removed by centrifugation, nine-tenths of the enzymatic activity 
was likewise removed. 

In another experiment the ratio of antibody to antigen was increased 100- 
fold by mixing undiluted immune serum with 0 9 unit of enxyme and incubat- 
ing samples of the mixture at 37° for various intervals from 15 minutes to 2 
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hours, after which the enzyme activities were determined In no case did this 
large excess of antibody have any effect on the catalytic activity of the enzyme 
m the mixture 

We can conclude then, that it is valid to determine the activity of tyrosinase 
in the presence of antibody, and, furthermore, that the activity so determined 
is a correct indication of the amount of tyrosinase present in the sample under 
investigation 


TABLE VH 


Quantitative Titration of the Precipitin Reaction between Tyrosinase and the Homologous Immune 

Rabbit and Human Sera 


Experi 

mmt 

No 

Enzyme added 

Enzyme 

In 

ruper- 

natant 

Enzyme 
In pre 
dpitate 

Percent 
age of 
added 
enzyme In 
precipi- 
tate 

Enzyme in 
ptedpi 
tate 

Total 

preapl 

tate 

Antibody 
N in pre 
dpitate 

Ratio of 
Antibody N 

Antigen N 
in precipi- 
tate 


mi of N units 

untis 

units 


mi of tf 

mi of N 

mi 



Rabbit serum 


i 

0 0125 

30 

0 4 


2 

0 0125 

30 

0 4 

30 

3 

0 025 

59 

0 5 

59 

4 

0 025 

59 

— 

59 

5 

0 050 

118 

0 5 

118 

6 

0 050 

118 

_ 

118 

7 

0 10 

235 

34 

201 

8 

0 10 

235 

51 

184 


0 0125 



0 025 

0 158 

0 155 


0 050 

0 258 

0 253 

0 206 

0 082 

0 276 

0 268 

0 190 


6 4 
S 28 
4 12 
2 32 


Human serum 


9 

0 

01 

28 

0 

4 

28 

100 

0 

010 

0 

079 

o 

069 

6 

9 

10 

0 

02 

57 

2 

0 

55 

98 

0 

020 

0 


m 

110 

5 

5 

11 

K 

03 

85 

6 

0 

79 

93 

0 

028 

0 

151 

0 

123 

4 

4 

12 


04 

113 

14 

0 

99 

88 

0 

035 

0 

157 


122 

3 

5 

13 

0 

05 

142 

36 

0 

106 

75 

0 

037 

0 

159 


122 

3 

3 

14 

m 

10 


150 

0 

134 

47 

0 

047 

0 

126 

0 

079 

1 

7 


Quantitative Determination of Precipihns — Since evidence for the absolute 
punty of the tyrosinase preparation is lacking it was necessary to learn if the 
antibody of the rabbit serum was precipitating the tyrosinase itself and not 
merely reacting with an accompanying contaminant The test involved a 
quantitative precipitin titration by the method of Heidelberger and Kendall 
(9) together with a simultaneous assay for enzymatic activity of the super- 
natant liquid re mainin g after removal of the specific precipitate Since it has 
been shown above that the presence of immune serum has no effect on the 
deter min ation of the catalytic activity of tyrosinase, it is legitimate to conclude 
that any tyrosinase not found m the supernatants must be part of the immune 
precipitate 
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Immune rabbit sera 9-93 and 9-95 which were approximately equal in pre- 
cipitin titer were pooled, and centrifuged under the conditions of the expen 
ment to remove any sedimentable material. The human serum of highest 
precipitin titer for tyrosinase available (GJ* m Table IV) was treated in the 
same manner The tyrosinase preparation to be used as antigen in the pre 
apitin reactions was centrifuged also to make certain that no sedimentable 
material was present m the antigen solution. The Kjeldahl nitrogen content 
of this enzyme solution was determined, and enzyme dilutions in saline were 



Chart 1 In this chart the variables r and x of the equation of Heidelberger and 
Kendall are plotted 

Antibody N 

r - ratio of — m the precipitate 

Antigen N 

and x — millig ram* of antigen N in the precipitate. 

In the equation of Heidelberger and Kendall the constants as calculated from these 
carves are for the immune rabbit serum 
R - 3 4 and A - <U12 mg of N, 
and for the Immune human serum 

R - 4 2 and A - 0 126 mg of N 

made on the basis of nitrogen content. In each experiment 2 cc. of serum 
were diluted with 3 cc. of saline, and 1 cc. of tyrosinase appropriately diluted 
with saline was added. After mixing the tubes were incubated 2 hours at 
37°C and overnight in the refrigerator The precipitates were centrifuged 
down at 0°C , washed twice with saline at 0°C , dissolved in dilute NaOH, 
and transferred to Kjeldahl flasks for nitrogen analysis The clear super 
pR.tfl.nt fluid, decanted from the precipitate after centrifugation, was titered 
for tyrosinase activity in the Warburg apparatus The second saline wash 
mgs of the precipitates contained no measurable enzyme activity indicating 
that the imm une precipitates did not dissociate appreciably m physiological 
&*hne 

Since the nitrogen content of the added tyrosinase is known, and since the 
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tyrosinase remaining in the supernatants can be determined, the amount of 
tyrosinase nitrogen present in the specific precipitates can be calculated by 
difference The total nitrogen content of the specific precipitate is known 
from the Kjeldahl determinations Consequently the amount of antibody 
nitrogen present m the immune precipitates can be calculated by difference 
Then knowing the amounts of both antigen and antibody nitrogen in the 
immune precipitates it becomes possible to apply the empirical relationship 
of Heidelberger and Kendall (9) to our results 
The equation of Heidelberger and Kendall is 


in which 


, Antibody N 

r mt ratio of — in precipitate 

Antigen N 

X «=■ milligrams of antigen N m precipitate 
Antibody N , 

fc «=> ratio of — — at equivalence point 

Antigen N 

A •» total antibody present in milligrams of N 

As can be seen from Chart 1 both human and rabbit immune sera satisfy 
the empirical equation of Heidelberger and Kendall even m the region of 
antigen excess where the reaction is in the post zone As can be seen from the 
constant A of the equation the rabbit serum contained a much greater quan- 
tity of antibody than did the human serum 

DISCUSSION 

The sera ob tamed from rabbits injected with tyrosinase precipitate tyrosinase 
activity from solution quantitatively Similarly the serum obtained from a 
human being mjected with tyrosinase precipitated this enzyme completely 
from solution Since the reaction between these sera and the antigen, tyro- 
sinase, follows the same quantitative equation which has been apphed to many 
other precipitin reactions, it is felt that the production of precipitating anti- 
bodies to the en 2 yme tyrosinase in rabbits and in human bemgs has been 
demonstrated The enzyme tyrosinase is antigenic in rabbits and human 
bemgs, hut the antibodies produced, though precipitating the enzyme do not 
neutralize its catalytic activity 

The results of immunization of the three rabbits were very uniform How- 
ever, m the case of human bemgs mjected with tyrosinase there was wide varia- 
tion in antigenic response (Table IV) and no correlation was evident between 
antibody production and dosage or extent of treatment. There was, moreover, 
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no correlation between the amount of circulating antibody at the time of blood 
sampling and the seventy of local reaction at the site of injection or of systemic 
reaction to the injection of tyrosinase 

There is in the literature adequate evidence for the production of antibodies 
against only a few enzymes. Sumner and Kirk (10) prepared an immune rab- 
bit serum which gave a precipitin reaction with jack bean urease at an antigen 
concentration of one part in 600,000 Campbell and Fourt (11) prepared an 
immune rabbit serum which gave a positive ring test at a catalase concentra 
tion of one part in 300,000 Seastone and Hemott (13) prepared an immune 
rabbit serum which gave a positive nng test at a pepsin concentration of one 
part in 100,000 They also prepared an immune serum which reacted with 
pepsinogen diluted one part to 1,000,000 During the present work immune 
rabbit serum has been prepared which gives a preapitin reaction at a tyrosinase 
concentration of one part m 500,000 

Sumner found that the specific precipitate exhibited 80 per cent of the cata 
lytic activity of the urease present The 20 per cent loss of activity was 
ascribed to the lowered degree of dispersion of the enzyme in the immune pre 
cipitate Campbell and Fourt found that the immune precipitate between 
antibody and catalase was just as active as the enzyme alone would have been 
Similar observations cannot be made in the case of pepsin since this enzyme is 
inactivated at the pH of serum, or m the case of pepsinogen which is an en 
zyme precursor In the case of tyrosinase the immune precipitate exhibits 
all the catalytic activity of the precipitated enzyme 

Kuk found that the rabbit antibody to jack bean mease also was able to 
precipitate Boy bean urease (14) Campbell and Fourt found that serum 
prepared from rabbits immunized to crystalline beef liver catalase also pre- 
cipitated horse and dog liver catalase (11) Tna found that a similar rabbit 
antiserum to beef liver catalase likewise precipitated lamb liver catalase (12) 
Seastone and Hemott immunized rabbits to swine pepsin and found that the 
resultant antiserum precipitated beef and guinea pig pepsins as well as swine 
pepsin, but did not precipitate rabbit, shark, or chicken pepsins In the pres- 
ent work it was shown that rabbit antiserum against campcstrtf tyrosinase 
failed to precipitate the tyrosinase prepared from the Ladanus ptprraius mush 
room. 

It is evident m the cases of urease, catalase, and tyrosinase that the portion 
of the molecule mvolved In catalytic reaction with the substrate is not identical 
with the portion of the molecule mvolved in the reaction with the serum anti 
body The enzyme molecule is capable of reacting simultaneously with two 
different substances. Similar observations have been reported m the case of 
antipneumococcus horse serum proteins which can react simultaneously with 
pneumococcal capsular polysaccharide and with anti-horse chicken serum (15) 
and also in the case of antigenic antitoxins We must conclude that when a 
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physiologically active substance is used as an antigen, the production of anti- 
bodies must be tested by recognized immunological reactions such as the 
precipitin reaction, as well as by possible neutralization of the physiological 
activity of the antigen 


SUMMAEY 

1 Antibodies to the enzyme tyrosinase, obtained from the mushroom 
Psallwta campestns, have been produced m rabbits and human beings 

2 These antibody preparations, though precipitating the enzyme from 
solution, do not affect its catalytic activity 
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A NON VIRULENT, SINGLE-DOSE RABIES VACCINE FOR 
PROPHYLACTIC IMMUNIZATION OF DOGS 

By L. T WEBSTER, MJ), and J CASALS M.D 
{From the Labor atonu of The Rockefeller Institute for Medical Research) 
(Received for publication, April 27 194 2) 

Experiments have been described indicating that a vaccine containing ap- 
proximately 50,000 mouse intracerebral lethal doses of rabies virus properly 
irradiated will immunize mice, and that 25,000,000 doses will immunize dogs 
against a subsequent test inoculation of virulent virus Additional experi 
ments showed that a volume of 0 1 cc. of an irradiated vaccine prepared from 
the supernatant of centrifuged virus-containing dog brain contained the re- 
quired 50 000 doses and immunized mice adequately (1) It remained to deter 
mine whether the required number of mouse doses to immunize dogs could b 
concentrated mto a small volume and whether a single injection of such a va_ 
one would in fact protect them adequately 

Technique 

To prepare vaccine, 2 months-old beagle dogs are injected intracereb rally with 0.5 
cc. of a 1 10 dilution of dog brain virus, Pasteur strain When the animals become 
prostrate, they arc sacrificed, their brains are removed triturated In an electric mixer 
and diluted in distilled water containing 2 per cent a trie aad-sodium diphosphate 
buffer (McUvmne), pH 72 — to make a 1 or 5 per cent emulsion This emulsion is then 
centrifuged at 500 ejpol for 5 minutes and the supernatant removed The supema 
tant must be relative!) free from large particles to insure that ultraviolet light will 
render it non virulent and yet not destroy its immunizing potency It must also titre 
at least 330,000 mouse doses per mL, that Is prove fatal to W Swiss mice when injected 
in tr* cerebrally In 0 03 cc. volumes and in a dilution of 10 4 to insure that small vol 
umes of the final vaccine will immunize animals effectively The material is rendered 
non virulent by exposure to ultraviolet light for 35 minutes (2) Tests for sterility are 
made, merthiolate fn a dilution of 1 10 000 is added as preservative, and the material 
ready for use, Is stored in the ice box at 40°F 

The technique which we have emplo) ed for testing rabies vaccines in dogs has been 
described in a previous paper (3) Beagle dogs aged 4 to 6 months are used for the 
most part w all tests. In some, however it has been necessary to include animals of 
mixed small breeds of the same age. They are wormed as soon as received on the 
premises and then given 10 to 15 cc of distemper immune serum followed by one or 
two injections of non virulent distemper vaccine. 

About 7 days after arrival, groups of six to twelve animals receive rabies vaccine and 
a remaining group is set aside as controls. 

Three weeks later all are given a test injection of rabies virus 0.25 cc properl) di 
luted deep Into the neck muscles of each ode. They are then watched for signs of 
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rabies for 2 to 5 months The animals which become prostrate are sacrificed, their 
brains removed, tested for the presence of Negn bodies in stained impressions, and for 
the presence of rabies virus by inoculation of diluted brain suspension intracerebrally 
into mice The survivors are also sacrificed when the experiment is terminated and 
t heir brains tested for the presence of rabies virus 

Results of Tests on Unvaccinated Dogs 

In attempting to evaluate experiments on the immunizing effects of vaccines 
on experimental animals, a factor of prime importance is the regularity of re- 
sponse of unvaccmated controls to the test virus When small animals, such 
as mice, are employed, it is possible to exert such a degree of control that not 
only unvaccinated animals respond in a uniform and predictable manner 
within narrow limits, but the actual amount of virus administered can be deter- 
mined in terms of minimum lethal doses When large and expensive animals 
are employed, such as the monkey or dog, the problem becomes more difficult, 
although the aims remain the same, namely, to set up conditions which will in- 
sure uniform and predictable mortalities among unvaccinated animals 

These aims have been realized in part only English investigators m India 
(4, 5), studying the potency of rabies vaccines in monkeys, found that mortali- 
ties in unvaccmated groups following the test injection of virus varied from 20 
to 100 per cent in different experiments More recently, Johnson and Leach 
(6) carried out repeated tests of vaccmes in thirteen groups of seven to ten dogs 
and found that the mortalities among unvaccmated dogs varied unpredictably 
from 20 to 91 per cent They attribute such “fallacious results” to chance and 
carried out repeated tests until the total number of animals “satisfied statistical 
requirements” (6) They also performed a single experiment with fifty-five 
control dogs which they regarded as sufficient to eliminate the effects of chance 
variables encountered in their type of test We have been more fortunate in 
controlling chance variables m our experiments with smaller groups of animals 
and have obtained results in unvaccmated dogs which show little variation from 
experiment to experiment In six tests shown m Table I, the mortalities among 
the unvaccinated dogs averaged 83 per cent and were never less than 71 nor 
more than 88 per cent except in one instance m which the mortality was 100 
per cent These results have been similar in all eighteen tests m that the con- 
trols showed mortalities as great as 100 per cent but never less than 71 per cent 
except on two occasions when mortalities were 60 and 50 per cent respectively 
The duration of life of these animals varied widely 39 6 per cent m 12 to 19 
days, 27 per cent in 20 to 29 days, 16 6 per cent in 30 to 60 days, and 16 6 per 
cent remained well more than 90 days This means that 66 6 per cent of the 
animals died within the first month Under natural conditions of street infec- 
tion, probably not more than 20 per cent die during a si mila r period 
Although we have been successful in achieving relatively uniform and pre- 
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dictable results in mortalities following injection of groups of five to eleven con 
trol dogs with rabies virus, we have not been successful in eliminating com 
pletcly comphcatmg factors of intercurrent infection — in our case, distemper 
The British workers referred to above lost as many as 20 per cent of then- 
animals from mtercurrcnt infections — chiefly among the vaccinated groups — 
and hence compared vaccinated and un vaccina ted groups at 2 rather than 3 
months following infection. Leach and JohnsoD, in their thirteen tests with 
small batches of dogs, lost not only 49 per cent of the original 149 controls from 
the experimental inoculation with rabies virus, but also 19 per cent from other 

TABLE I 

Mortality of Unvaceittalei Control Doit, Tests 10-18 Foil mini Intramuscular Inoculation 



causes, they also lost 18 6 per cent of the original 140 vaccinated dogs from the 
experimental inoculation and an additional 25 per cent from other causes. The 
effect of uncontrolled variables was therefore equal to 40 per cent of, or even 
exceeded, the total effect of the test inoculation and was, therefore, highly selec 
tive From the biological viewpoint, xt is questionable whether results with 
such selected animals are completely reliable Bearing this in mind, we have 
chosen to present for mam consideration only those tests on vaccines m which 
mortalities from other causes have been not greater than 5 per cent of the 
original population 

Results of Tests on Vaccinated Dogs 

The first experiment was planned to determine whether a calculated amount 
of irradiated vaccine given In a single dose mtrapentoneally would immnmxe 
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dogs and, at the same time, whether the immunity obtained would compare 
favorably with that achieved by commercial canine vaccines 

Experiment 1, Test 10, October 16, 1939 — A 1 per cent mouse brain irradiated vac- 
cine was prepared as described above Prior to irradiation the 1 per cent vaccine titred 
330,000 mouse doses per cc 8 days later, ten dogs, groups B and D, were each given 
40 cc. of this vaccine in a smgle dose intrapen toneally and 5 dogs, group E, were each 
given 10 cc An additional five dogs, group F, were each given a smgle S cc. dose of 
a commercial 33 per cent chloroformized canine vaccine subcutaneously, and still 

TABLE H 


Immunising Effects of Anitrabies Vaccines on Beagle Dogs 
Experiment 1, Test 10 


Treatment of dogs 

Dilution 
of test 
virus 

Fate of dogs Inoculated mto 
the neck muscles (right and left) 
with 0.25 cc of dog passage 
virus No 15811 

Dap of death 
following 
inoculation 

No 
dead/ 
No in 
jected 

Dead 

A No vaccine 

1 400 

13,20, S 

2/3 

per 

cent 

66 

B Vaccine irradiated, 40 cc , mtrapentoneally 

li 

S,S,S,S 

0/4 

0 

C No vaccine 

'i 4,000 

15, 16, 18, 30, S 

4/5 

SO 

D Vaccine irradiated, 40 cc , mtrapentoneally 

u 

53,S,S,S,S 

1/5 

20 

E Vaccine irradiated, 10 cc , mtrapentoneally 

u 

8, 8, 8, 8, 8 

0/5 

0 

F Vaccine chloroform, 5 cc , subcutaneously 

u 

15,19,S,S,S 

2/5 

40 

G Vaccine phenol, 5 cc , subcutaneously 

u 

14, 16, 17, 43, S 

4/5 

80 

H No vaccine 

I 40,000 

12,39,S 

2/4 

50 


S = animal remained well following injection Survivors discarded after 70 days 


another five dogs, group G, a smgle 5 cc dose of a commercial phenolized canine vac- 
cine subcutaneously Twelve remaining dogs were set aside as controls 3 weeks 
later, all save one dog in group B, which died of distemper, were ready for the test in- 
oculation of virulent virus A strain of dog passage virus, No 15811, which had been 
employed in previous tests (2), was prepared as described above and given into the 
neck muscles of the dogs in the following manner Group B, plus a group of three 
controls (group A), received an injection of 0 25 cc of a 1 400 dilution into the neck 
muscles of each side, groups D, E, F, and G, plus five controls (group C), the same 
inoculation of a 1 4,000 dilution, and four controls (group H), a 1 40,000 dilution 
Animals were observed 70 days 

The results of this test are shown in Table U. Of greatest interest are the 
animals receiving the 1 4,000 dilution of virus which, in previous tests, has 
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been shown to produce rabies in 50 per cent and less than 100 per cent of con- 
trols and to contain roughly about ten lethal doses for dogs (3) In the present 
test, this amount of virus was fatal to four of five un vaccinated dogs (80 per 
cent), (group C), and one tenth of this amount was fatal to two of four unvac 
ana ted dogs (group H) The 1 4,000 dilution of virus was likewise fatal to 
four of five dogs receiving phenolized vaccine (80 per cent), (group G), to two 
of five receiving chloroformized vaccine (40 per cent), (group F), but to only 
one of five receiving 40 cc. of irradiated vaccine (20 per cent), (group D), and 
to none of five receiving 10 cc. of the irradiated vacane (group E) Finally 
ten times this dose of test virus was fatal to two of three controls (66 per cent), 
(group A), but to none of four dogs receiving 40 cc. of irradiated vacane (group 
B) Clearly the irradiated vacane in 40 or 10 cc. amounts conferred a strong 


TABLE in 

Immunising EJfeds of an Irradiated Antirabia Vaccine on Beagle Dags 
Experiment 2 Test 13 


Treatment oi doc* 

Motion 

Fate of doc* feocnlatcd into the neck ronade* (rf*ht and 
left) with 0J3 cc. oi doc P****X e tIhu No 15811 

Tiro* 

Pay of death foGowbai Inoculation 

No. dead/ 
No Injected 

Dead 

A. No vaccine 

1 400 

15 17 18,18,20,28,3433 


ent 

77 7 

B Vacane irradiated 10 cc. in- 
traperitoneaUy 

“ 

17 19,24,29 31,£&S£S 

6/10 

60 0 

C Vacane irradiated, 2 doses 10 
cc. each, fntrapentoneally 


17 173 S3 S3^ 

2/8 

25 0 


immunity to thirteen of fourteen dogs, whereas phenolized vacane failed and 
chloroformized vaccine succeeded only partially in immunizing the animals. 

Inasmuch as 10 cc. or more of irradiated vaccrne immunized dogs successfully 
in Experiment 1 the test was repeated using 10 cc. or 20 cc of vacane per dog 

Experiment 2 Test 13 f April# 1940 — A 1 per cent dog brafn irradiated vaccine was 
prepared in the manner described above. Prior to irradiation 1 per cent vacane 
titred 3,300 000 mouse doses per cc. 15 days later ten dogs, group B were gi\ ui a 
single dose of 10 cc. of the vacane mtrapcntoneolly, and eight dogs, group C, two 
doses of 10 cc. 1 week apart. Ten dogs group \ were set aside as controls. 3 
weeks later oil dogs were given the stated inoculation of virulent dog passage virus 
strain 15811 diluted 1 400 and observed for 70 days 

The results of this test are shown m Table HI One of the control dogs 
(group A) died of distemper on the 22nd day Of the remaining nine seven 
died of rabies (77 7 per cent) Six of ten dogs receiving 10 cc. of vaccine 
(group B) also died of rabies (60 per cent), whereas only two of eight receiving 
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two 10 cc doses of vaccine (group C) succumbed (25 per cent) Evidently in 
this test 10 cc of vaccine produced little immunity and 20 cc. a good imm unity 
In the following experiment a larger amount of irradiated vaccine was em- 
ployed— 30 cc m a single dose and in three doses of 10 cc each 

Experiment 3, Test 16, October 10, 1940 — A 1 per cent dog brain virus was prepared 
and tested as in the previous experiment Its titre prior to irradiation was 3,300,000 
mouse doses per cc 9 days later eight dogs were given a single injection of 30 cc of 
vaccine mtrapentoneally (group B), and eight dogs three injections of 10 cc each 
(group C) Eight dogs (group A) were reserved as controls 3 weeks later, all but 
one dog in group B and one in C, which died of distemper, were inoculated into the 

TABLE IV 


Immunising Effects of Irradiated Antirabies Vaccine on Beagle Dogs 
Experiment 3, Test 16 


Treatment of dogs 

i 

Dilution 

Fate of dogs inoculated into the neck muscles 
(right and left) 

with 0.25 cc. of one-passage virus No 17456 

virus 

! 

Day of death following 
inoculation 

No dead/ 
No 

injected 

Dead 

A No vaccine 

1 20 

17,20,25,27,30,30,37,41 

1 

8/S i 

ftrcenl 

100 

B Vacane irradiated, 30 cc , mtrapen- 

tc 

s,s,s,s,s,s,s 

0/7 

0 

toneallj 

C Vacane irradiated, 3 doses, 10 cc 

it 

s,s,s,s,s,s,s 


0 

each, mtrapentoneally 






neck muscles with one-passage street virus, No 17456, diluted 1 20 The animals 
were observed for rabies for 70 days 

The results of this test, shown m Table IV, were clear-cut All of the con- 
trols died of rabies but none of the fourteen vaccinated dogs A total of 30 cc 
of irradiated vaccine either in single or multiple doses conferred a strong 
immuni ty, as already indicated m Experiment 1 

It was apparent from these tests that 25 to 30 cc of 1 per cent irradiated 
vaccine would i mmuniz e young beagle dogs against an inoculation of fixed or 
street virus fatal to nearly all unvaccinated dogs It remained to discover 
whether the same amount of vaccine concentrated to a smaller volume would 
be equally effective as an immunizing agent 

Experiment 4, Test 18, May 27, 1941 —A 5 per cent rather than a 1 per cent super- 
natant dog brain virus was prepared as a vaccine, thus effecting at once a 5 times con- 
centration of virus per cubic centimeter This material titred 33,000,000mouse doses 
per cc. as did preparations in other tests pnor to irradiation Following irradiation, 
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the 5 per cent vaccine was concentrated 6 times at low temperature in vacuo 27 days 
later eight dogs (group B) were given a single dose of 5 cc. mtrapentoneal]} eight dogs 
(group C) 5 cc. subcutaneously, eight dogs (group D) two Injections of 5 cc. each intra 
pentoneally, and eight dogs (group E) 5 cc. of a commercial chloroformiaed vaccine 
subcutaneously Eight dogs were reserved as controls. 3 weeks later, all received 
the standard inoculation into the neck muscles of one-passage street vims No 17825, 
diluted 1 20 The animals were observed 70 days for signs of rabies. 

The results of this test were again striking (Table V) Seven of the eight 
control dogs (group A) died of rabies in 12 to 19 days (87.5 per cent), indicating 
an unusually virulent street virus. Three of the eight dogs given chloro 


TABLE V 

Immunkini Ejects of Irradiated AnJtrabta \ecdne on Btatfc Dots 
Experiment 4 Test 18 


Treatment of dan 

DEkiLkn 

Fate of dogs Inoculated Into tba neck miadej 
{right and left) 

with OJJ cc. of ooa-pemge street rim* 

rim 

Day of death following 
inoculation 

No. dead/ 
Ko. 

Injected 

Dead 

\ No vaccine 

1 20 

12,13 13 1343 19 19 S , 

7/8 

H ent 

87 5 

B Vaccine irradiated, concentrated 5 

“ 

S£ S£ 

0/8 

0 0 

cc^ Intrapentoneahy 

C. Vaccine irradiated concentrated, 5 


SJSJSJSSfififi 

0/8 

0 0 

cc^ inbcntaneoiuJy 

D Vaccine irradiated concentrated 2 


SfiS&SS&S 

0/8 

0 0 

doses, 5 cc. each intrapentooeally 

E Vaccine chloroform, 5 cc. sab- 

u 

12 13 19 S^S^S 

3/8 

37 5 

aitaneoujly 






formized vaccine (37.5 per cent) likewise died of rabies (group E), whereas all of 
the twenty-four dogs given Irradiated vaccine remained well It appears, 
therefore, that 5 cc. or more of this concentrated vaccme protects highly 
susceptible dogB against rabies 

Having demonstrated that a single 5 cc. dose of our non virulent rabies vac- 
cine immunized dogs effectively, we sought information from all of our tests as 
to (1) the comparative effectiveness in dogs of irradiated, phenolized, and 
chloroformized vaccines, and (2) the comparative effectiveness of the intraperi 
toneal as opposed to the subcutaneous route of injecting the vaccine 

With respect to the relative imm u nizin g potencies of irradiated as compared 
to phenolized or chlorofonmzed vaccines, the following information is at hand. 
Summarizing all data m nineteen dog tests (Table VI), we noted that the mor- 
tality of 141 controls given test virus m dilutions corresponding to those -given 
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to vaccinated animals was 92 2 per cent Similarly, the mortality of fifty-three 
dogs given commercial phenolized vaccine according to directions was 77 3 per 
cent and that of fifty dogs given commercial chloroformized vaccme, 46 0 per 
cent In contrast, of thirty-eight dogs given 20 to 40 cc of irradiated vaccine 
rntraperitoneally, 13 1 per cent succumbed, and of thirty-one given 5 to 10 cc 
of irradiated vaccme, concentrated, only one succumbed to the test inoculation 
of virulent virus Clearly the course of vaccination with irradiated vaccine 
appears far superior to that of vaccination with commercial vaccines 
From the figures of Table VI alone, however, one would rightly question 
whether the superior results with irradiated vaccine were due only to the quality 
of the material, or to the greater amounts employed and to the routes of inocu- 
lation It is our belief that all three factors contribute to the potency of the 

TABLE VI 


Comparison of Commercial ( Phenolized , Chloroformtoed) and Irradiated Canine Anhrabies 

Vaccines 


Groups 

Total dead/ 
Total tested 

Dead 

A Controls Fixed virus, dilution I 50 to 1 10,000, street virus, 

130/141 

ter cent 

92 2 

dilution 1 20 

B Vaccinated Phenolized vaccine, 5 cc , subcutaneously 

41/53 

77 3 

C Vaccinated Chloroformized vaccine, 5 cc , subcutaneously 

23/50 

46 0 

D Vaccmated Irradiated brain tissue supernatant 

1 20-40 cc , rntraperitoneally 

5/38 

13 1 

2 5-10 cc concentrated, mtrapentoneallj 

1/31 

3 2 


irradiated vaccme and the following reasons are emphasized That irradiated 
vaccme given rntraperitoneally is superior to equal quantities of chloroformized 
vaccine given by the same route is indicated by the quantitative results of three 
experiments (1) m which one part of a smgle pool of virus material was inacti- 
vated by chloroform and another part by irradiation Each inactivated prepa- 
ration was then given to mice as vaccme and m each instance the irradiated 
sample proved equal m imm unizing potency or superior to the chloroform- 
treated sample In further tests, the irradiated vaccme was compared with 
commercial canine vaccines for ability to immunize dogs The results shown 
m Table VU, though not critical, confirm the findings m mice The vaccines 
contained widely different amounts of bram-virus — 33 per cent to 1 per cent 
and were inoculated into dogs in different amounts Hence, for purposes of 
comparison, it seemed best to reduce the dose of each vaccine to an equivalent 
amount of 1 per cent emulsion Thus, dogs of group A, given 5 cc of 20 per 
cent vaccme, are said to have received 100 cc of 1 per cent vaccine On this 
basis, among dogs of groups A, B, and C receiving vaccme subcutaneously , 
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group C, given irradiated vaccine in a dose equivalent to 150 cc., suffered only 
9 1 per cent mortality, in contrast to 46 per cent by group B, given a similar 
equivalent dose of chloroform! red vaccine, and 77-3 per cent by group A, given 
phenolized vaccine Again, among groups vaccinated intrapcntoneaUy, group 
D, given phenolized vaccine in a dose equivalent to 500 cc., suffered a mortality 
of 22.2 per cent and group E, with a similar dose of chloroformired vaccine, 
18-5 per cent as contrasted with 10 per cent by group F, given only 30 to 40 cc. 
of 1 per cent irradiated vaccine, or less than one tenth of that given to groups 
D and E, and 3.2 per cent by group G, given 150 to 300 cc. of irradiated 
vaccine 


TABLE Vn 


Reiaiix* Amounts of Irradiated Pkenoltsed and CUoroformhtd Vaccina Required to 
Immunise Dots 


Group 

Equivalent 
•mount of 

1 per cent 
vaccine 

Total 
dead/Total 
for tot 

Dead 


ct. 


cnl 

A. Vaccinated wbcutaneouily — phenolized 20 per cent, 5 cc. 

100 

41/53 

7/ 3 

B Vaccinated «ubcutaneomly — chloroformired 33 per cent 1 
5 cc. 

150 

23/50 

46 0 

C Vacdnated nnbeutanectuly — irradiated 5 per cent, concen- 
trated 6 time*, 5 cc. 

150 1 

l/n 

9 1 

D Vacdnated intraperitoneally — phenolized 20 per cent, 
25 cc. 

500 

2/9 

22 2 

E. Vacdnated in trapen toneally — chlorofortruxed 33 per cent, 
10-25 cc 

| 330-825 

5/27 

18 5 

F Vaccinated intraperitoneally — irradiated 1 per cent 
30-40 cc. 

30-10 

3/30 

10 0 

G Vacdnated Intraperitoneally — Irmdmted 5 per cent, con 
centrated 6 timet, 5-10 cc. 

150-300 

1/31 

3 2 


Actually these comparisons should be made not in terms of equivalent dose 
of 1 per cent vaccine but number of mouse lethal doses contained in the original 
vaccine material (1) This information is not obtainable for the commercial 
canine vaccines but for the irradiated preparations we find from the present 
tests that 10 cc. of the 1 per cent vaccine contains about 3 X 10 T mouse doses 
and that this does not give the best immunity according to our rigid test, 5 X 
10 T or 10* doses, however, immunize dogs well 
The question of whether vaccine is more effective if given intrapcntoneaUy 
rather than subcutaneously has not yet been definitely answered. Certainly 
in mice, the mtxapentoneal is the route of chofce (1) In dogs, however, the 
evidence is less convincing Johnson and Leach (6) interpret their tests as 
showing the subcutaneous route to be more effective than the mtraperitoneal, 
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to vaccinated animals was 92 2 per cent Similarly, the mortality of fifty-three 
dogs given commercial phenolized vaccine according to directions was 77 3 per 
cent and that of fifty dogs given commercial chlorofonmzed vaccine, 46 0 per 
cent In contrast, of thirty-eight dogs given 20 to 40 cc of irradiated vaccine 
intrapentoneally , 13 1 per cent succumbed, and of thirty-one given 5 to 10 cc 
of irradiated vaccine, concentrated, only one succumbed to the test inoculation 
of virulent virus Clearly the course of vaccination with irradiated vaccine 
appears far superior to that of vaccination with co mm ercial vaccines 
From the figures of Table VI alone, however, one would nghtly question 
whether the superior results with irradiated vaccine were due only to the quality 
of the material, or to the greater amounts employed and to the routes of inocu- 
lation It is our belief that all three factors contribute to the potency of the 


TABLE VI 

Comparison of Commercial ( Phenolized , Chlorofonmzed) and Irradiated Camne Atihrabics 

Vaccines 


Groups 

Total dead/ 
Total tested 

Dead 

A Controls Fixed virus, dilution 1 50 to 1 10,000, street virus, 

130/141 

per cent 

92 2 

dilution 1 20 

B Vaccinated. Phenolized vaccine, 5 cc , subcutaneously 

41/53 


C Vaccinated Chloroformized vaccine, 5 cc , subcutaneously 

23/50 


D Vaccinated Irradiated brain tissue supernatant 

1 20-40 cc , mtrapentoneall} 

5/38 


2 5-10 cc concentrated, intrapentoneally 

1/31 



irradiated vaccine and the following reasons are emphasized That irradiated 
vaccine given intrapentoneally is supenor to equal quantities of chloroformized 
vaccine given by the same route is indicated by the quantitative results of three 
experiments (1) m which one part of a single pool of virus material was inacti- 
vated by chloroform and another part by irradiation Each inactivated prepa- 
ration was then given to mice as vaccine and in each instance the irradiated 
sample proved equal in immunizing potency or supenor to the chloroform- 
treated sample In further tests, the irradiated vaccine was compared with 
commercial camne vaccines for ability to immunize dogs The results shown 
in Table VET, though not cntical, confirm the findings in mice The vaccines 
contained widely different amounts of brain-virus— 33 per cent to 1 per cent— 
and were inoculated into dogs in different amounts Hence, for purposes of 
comparison, it seemed best to reduce the dose of each vaccine to an equivalent 
amount of 1 per cent emulsion Thus, dogs of group A, given 5 cc of 20 per 
cent vaccine, are said to have received 100 cc of 1 per cent vaccine On this 
basis, among dogs of groups A, B, and C receiving vaccine subcutaneously, 
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In a recent paper on the agglutination of chicken red blood cells by suspen- 
sions of influenza virus (1), the majority of the experiments dealt with the 
agglutination inhibiting properties of immune sera, and correlations were 
drawn between measurements of influenza antibodies done tn v tiro and those 
obtained by protection tests done in mice In the present paper are reported 
the results of experimentation on the agglutination reaction itself 
It has previously been shown that a high percentage of the infective agent 
was removed from an influenza virus suspension when washed chicken cells 
were added and centrifuged out at low speed (2) The adsorption of influenza 
virus on chicken red cells was confirmed by the work of McClelland and Hare 
(3) who showed in addition that the adsorbed virus could be detected on the 
sedimented cells. Further work on the hemagglutinins present m influenza 
virus suspensions and on their adsorption on red cells is reported in the present 
communication 


Methods 

Preparation of Virus Suspensions — The two viruses used in this work were the 
mouse virulent PR8 strain of influenza A virus (4) and the Lee strain of mfluenz* B 
virus (5) 'Suspensions of both strains were prepared from allantoic fluid by a tech 
nlque which has been previously described (6) Briefly the method consisted of 
inoculating the allantoic sac of 1 1-day old white Leghorn embryos with 0 1 cc. of a 
10 - * dilution of infected allantoic fluid. The eggs were Incubated at 37°C for 48 
hours, and the allantoic fluid was removed without contamination with embryonic 
red cells. The cellular debris was removed from the fluid by low speed centnfuga 
tion Large pools of allantoic fluid containing each virus were made at one time. 
The pools were distributed in small amounts into 1 asteroid tubes, which were stored 
at —72 °C until used. All of the work reported here was done with fluid from these 
pools. 

Aulutmalion Titrations — All estimations of agglutination titer were done in the 
game manner Twofold dilutions of the virus suspension were made in saline. The 
test tubes used had an internal diameter of 0.8 cm. and a length of 7 cm. To 1 cc. of 
each dilution was added 1 cc. of a 1.5 per cent suspension of chicken red cells. The 
n» 11 s were added with an automatic pipetting machine which delivered them with 
such force that sufficient mixing took place at once. The degree of agglutination 
was read after the suspensions stood 75 minutes at room temperature. 
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whereas our data, though not based on tests especially planned to decide this 
question, suggest that there is little difference between the two routes but that 
the mtrapentoneal is slightly preferable 

COMMENT AND SUMMARY 

Our studies on rabies vaccines thus far have led us to the view that in order 
to develop and test vaccines, quantitative methods are necessary, and that such 
quantitative methods may be exploited to greatest advantage by using mice, 
preferably W-Swiss, as the test animal Dogs, due to then- variability and sus- 
ceptibility to mtercurrent infections when kept under experimental conditions, 
are useful chiefly to check whether or not a vaccine produces a high grade of 
immunity, they remain of limited value in testing the comparative potencies of 
weak vaccines A second point is that the Pasteur strain of virus has proved 
as potent as any tested for the preparation of vaccines 1 Another point is that 
virus material for preparing vaccines must titre at least 330,000 mouse doses 
per cc to be effective This requirement has eliminated all culture vac- 
cines thus far reported, with the possible exception of Plotz’s (7) and leaves 
virus-containing brain tissue as the sole potent source of vaccine 

In summary, we believe that a single injection of non-vmdent irradiated 
vaccine, prepared as herein described, immunizes mice and dogs effectively 
against a subsequent test inoculation of virulent rabies virus and does so to a 
greater degree than do other vaccines now obtamable It is easily and quickly 
prepared, keeps well, and has a low nitrogen content 
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the usual way except that the virus was diluted In twofold step*. The 50 per cent 
mortality titer was calculated from the deaths which occurred within the first 10 
days after inoculation 


EXPERIMENTAL 

Adsorption and Elution of Influenza Hemagglutinins by Chtckat Red Blood 
Cdls - — 50 cc of a suspension of Lee vims and 50 cc. of a 3 per cent suspension 



Fid 1 Supernatant agglutination titers on a suspension of Lee allantoic fluid 
after the addition of chicken red blood ceUa. For this experiment the final dilution 
of virus preparation was 1 2, the final concentration of red cells was 1.5 per cent, and 
the adsorption was earned out at 23° C. 

of chicken red cells were brought to room temperature and were then thoroughly 
mixed 5 cc. samples were removed at intervals, the suspension being well 
mixed each time The red cells m the samples were quickly sedimented at low 
centrifugal speed and the supernatant fluids were pipetted off the cells After 
the collection of all the samples the supernatant fluids were tested in duplicate 
for agglutination titer 

The results of these titrations are plotted in Fig 1 and show that the mflu 
enna hemagglutinin was rapidly adsorbed from suspension 9 minutes after 
the addition of red cells 97 per cent of the agglutinin present had been adsorbed 
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The method of estimating the degree of agglutination and of calculating the 
agglutination titer was changed from that formerly used (6) Previously we measured 
the amount of agglutination in a given tube by comparing the density of the sus- 
pended cells m the supernatant portion of the fluid column with the density of stand- 
ard red cell suspensions In the present work the densities of the supernatant red 
cell suspensions were estimated by measuring the amount of light transmitted through 
a portion of the supernatant by means of a photoelectric densitometer The details 
of construction of this optical densitometer will be given m a later report (7) The 
galvanometer readings were converted into values expressing the percentage of c ells 
added to a tube, which remained m suspension after 75 minutes The end point of a 
titration was taken to be the dilution of virus suspension where 50 per cent of the 
original cells added had sedimented to the bottom during the incubation period 
Thus if a 1 5 per cent suspension of cells was added to a titration (1 cc. of virus dilu- 
tion plus 1 cc. of cell suspension), the end pomt was in a tube with a supernatant 
cell density equal to that of a 0 37 per cent suspension of red cells Usually, how- 
ever, the 50 per cent sedimentation point fell between two dilutions, and it was 
necessary to calculate the titer by calculation from the two values obtained from 
dilutions on either side of the end pomt. This calculation was based on the fact 
that in an agglutination titration when the percentage of cells sedimented was com- 
pared with the dilution of virus suspension causing the agglutination, the curve for 
sedimentation was linear over a wide range when the dilution of virus was plotted 
on a logarithmic scale (7) 

For example, in an agglutination titration 42 per cent of the cells in the 1 128 
virus dilution remained suspended at 75 minutes, while in the 1 256 dilution 56 per 
cent of the cells did not completely sediment The 50 per cent sedimentation pomt 


was calculated as 


50 - 42 
56 - 42 


or */7 of the distance between the two dilutions 


Since 


the scale of dilution was logarithmic, this distance was */j X log 2 or 0 57 X 0 301 ■= 
0 172 Log 128 => 2 107 + 0 172 - 2 279, and antilog 2 279 =» 190, which was the 
final titer All titers are expressed as the reciprocal of the final dilution of the original 
virus suspension 

The use of a photoelectric densitometer for these readings has increased the accu- 
racy of determination of end points over the visual method formerly employed In 
general, duplicate determinations of agglutination titer checked within less than ±10 
per cent of the estimated value, although occasional duplicate titrations showed 
greater disparity than this 

Chicken Red Cells — All of the red cells used were obtained from chickens in a local 
slaughterhouse After the cervical vessels were severed the chicken blood was 
collected m one volume of 2 per cent sodium citrate The cells were washed three 
times in physiological saline and were centrifuged at 1000 a p xr for 4 minutes after 
the fina] washing The packed cells were stored at 4°C and were diluted before use 
in saline 1 5 per cent suspensions (by packed volume) were used for agglutination 
titrations The suspensions, first made up bv volume, were changed to a standard 
dcnsit> (as measured on the optical densitometer) by the addition of small amounts 
of cells or saline 

Virus Titrations in Mice —Titrations of virus suspensions in mice were done m 
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virus. Equal volumes of 0 75, 1-5, and 3 0 per cent red cell suspensions were 
added to PR8 allantoic fluid, and the supernatant titers were determined as 
before Regardless of the concentration of cells used the time of maximum 
adsorption was the same, about 1 hour With large concentrations of cells the 
maximum adsorption was more complete than with small concentrations, but 
correspondingly the subsequent elution of agglutinin was less complete in 6 
hours when more cells were used. This experiment was earned out at room 
temperature (23°C ) 

Adsorptwn of the PR8 Virus Hemagglutinin at Various Temperatures — In 
order to test the effect of temperature on the adsorption-elation phenomenon a 
preparation of PR8 virus was used, and the reaction was earned out at 4°, 2 T* t 
and 37°C Equal volumes of vims preparation and a 3 per cent suspension of 
red cells were both brought to corresponding temperatures before mixing to- 
gether Samples were taken as before, and the supernatants were all tested in 
duplicate for agglutination titer at room temperature The results are shown 
graphically m Fig 3 

To evaluate the results of this expenment it is easiest to consider the different 
phases of the adsorption and elution separately The speed of the initial ad 
sorption m the first minute was practically the same at the different tempera 
tures The difference m speed of adsorption at 4°C and at 27°C was very 
small for as Jong as 30 minutes The most striking variation occurred in the 
time of maximum adsorption of the agglutinin. At4°C this was approximately 
5 hours, at 27°C the maximum occurred at 25 minutes, and at 37°C this point 
fell between 3 and 5 minutes Likewise when the degree of adsorption which 
occurred at the maximal points is considered, the percentage of total agglutinin 
adsorbed at 4°C was found to be 99J5 per cent, at 27*0 it was 98.8 per cent 
while at 37°C only 87 per cent was adsorbed In the elution phase of the exper 
iment the differences found are also marked At 4°C less than 1 per cent of 
the agglutinin adsorbed had eluted m 18 hours At 27°C the elution was much 
more rapid but still very incomplete at 6 hours’ time, only 25 per cent of the 
agglutinin having returned to the supernatant The elution at 37°C was much 
more rapid and was very nearly complete at 6 hours* time A cha n ge m tem 
perature from 4°C to 37°C greatly speeds up the elution phase of the reaction, 
and the curve obtained with PR8 virus at 37°C resembles that found with Lee 
virus at 23°C (Fig 1) 

Effect of Adsorption and Elution of Hemagglutinins on the Red Cedis — When 
chicken red cells are agglutinated by preparations of influenza virus, the clumps 
of red cells formed are very fragile and are easily broken up by gently shaking 
the tube which contains them When the dumps are broken up so that the 
cells form a well dispersed suspension again, frequentlj the cells will agglutinate 
just as they did before and under suitable conditions such reagglutmation may 
be demonstrated many times. 
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In the previous experiments on the adsorption of PR8 virus hemagglutinins 
at different temperatures (Fig 3) some of the adsorbing cells were removed at 
various times for the testing of their agglutmability at different stages m the 
adsorption For this purpose 2 cc of the mixed suspension were used for each 
test The cells and supernatant were thoroughly mixed with a pipette until 



Fig 3 Supernatant agglutination titers on suspensions of the PR8 virus strain 
The adsorptions were earned out at 4°, 27°, and 37°C The final dilution of virus 
suspensions was 1 2, and the concentration of cells was 1 S per cent At the bottom 
is indicated the degree of agglutmability of the adsorbing cells when removed from 
the suspension at vanous times + + + + indicates the maximum degree of agglu- 
tination usually seen, and zero indicates no agglutination 

the suspension was even and showed no clumps, and then was put into a regular 
agglutination test tube and the degree of agglutination (or reagglutination) was 
read m 75 minutes The results of these tests are recorded on the bottom of 
Fig 3 Four plus indicates the maximum degree of agglutination usually seen 
under any conditions, and lesser degrees of aggregation are recorded as three 
plus to plus-minus Zero indicates that the cells did not agglutinate at all 
When the adsorption was earned out at 4°C , the cells retained them full capac- 
ity to agglutinate for at least IS hours, and, as has been pointed out previously, 
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the cells retained almost all of their adsorbed agglutinin for this time When 
the adsorption was earned out at 27°C. the agglutinability of the cells decreased 
as a significant amount of agglutinin was eluted, but aggregation still occurred 
after 7 hours’ exposure to the vims. At37°C the ability of the cells to aggluti- 
nate disappeared at 5 hours Cells removed from the 37°C preparation also 
failed to agglutinate when suspended m fresh virus preparations of either the 
PR8 or the Lee £ train 

Red cells which were mixed with Lee allantoic fluid at room temperature also 
showed with time a similar decrease in capacity to agglutinate After 4 to S 
hours’ exposure to the virus suspension, the cells failed to reagglutmate at all, 
either in saline or in fresh virus suspensions of the same or heterologous strains 

While the foregoing tests showed that cells which were exposed for long pen 
ods to virus suspensions lost their agglutmibflity, it was decided to see If such 
inagglu finable cells were capable of adsorbing freshly added virus agglutinin. 
A 1 5 per cent suspension of red cells was added to a preparation of the Lee 
strain of influenza virus, and after 4 hours the cells were removed and added to 
a fresh suspension of virus prepared from the same strain, and the supernatant 
agglutinin titers were measured as before Fresh red cells were added to more 
of the same virus suspension as a control on the adsorption The results of 
these two adsorption tests are shown in Fig 4 The control adsorption with 
fresh red cells gave the usual result, while the previously treated cells failed to 
adsorb a significant amount of agglutinin from the new virus suspension The 
failure of these treated cells to adsorb any agglutinins on second exposure was 
not due to the fact that the cells were ‘saturated” with agglutinin, because m 
the first exposure the agglutinating agent had been almost completely eluted 
from the cells. 

In a similar manner it has been shown that cells exposed to PR8 virus for 4 
to 6 hours also fail to adsorb agglutinins from fresh suspensions of the same 
strain. In addition, It was found that red cells exposed to the PR8 strain failed 
to adsorb agglutinins from suspensions of Lee virus and vice versa 

These experiments show that the exposure of chicken red cells to either strain 
of vitub alters the cell in such a way that it is no longer a gghi Unable and no 
longer has the power to adsorb influenza hemagglutinins It also seems likely 
that a certain amount of agglutinin must be fixed to the cell in order for agglu 
tmaUon to occur The loss of agglutmabflity r and the elution of the agglutinin 
are parallel phenomena 

Actmty of Ihc Hemagglutinin Folkrwtng Its Adsorption and Elution from 
Chicken Red Cells — The following experiment was performed to determine 
whether the agglutinin which has once been adsorbed on red cells and subse 
quently eluted is still capable of further similar activity 1-5 cc. of packed red 
cells was added to 100 cc. of Lee allantoic fluid Samples were removed penodi 
callv, the cells sedimented, and the supernatant fluids removed After 3 hours 
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all of the cells were removed from the remaining virus suspension, and fresh, 
packed cells were added m sufficient quantity so that the final concentration 
was 1 5 per cent Samples were removed for another 3 hours, the second lot of 
cells was removed, and a third time fresh red cells were added This suspension 
was sampled for a final 3 hours All of the supernatant fluids were tested in 
duplicate for agglutination titer at one time The results of this experiment 



Fig 4 Supernatant agglutination titers on suspensions of the Lee strain of in- 
fluenza virus after the addition of fresh red cells and cells which had previously 
been exposed for 4 hours to Lee virus The final concentration of virus was 1 2 in 
each case, while that of the cells was 0 75 per cent. The tests were earned out 
at 24°C 

are shown m Fig 5, and they clearly indicate that the activity of the agglutinin 
is not exhausted by the process of adsorption and elution, and except in a minor 
degree no activity is lost in the process 
Stability of the Red Cell Factor — Stroma was prepared from chicken red cells 
by homogenizing a concentrated suspension m a Waring mixer The sediment 
from the fragmented cells was washed repeatedly m distilled water and m sabne 
until no red color remained When this stroma was added to virus suspension 
the he ma gglutinin was rapidly adsorbed and elution began to occur after 10 to 
15 minutes when the Lee strain of virus was used The adsorption curves were 
quite similar to those obtained with the use of intact cells 
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Chicken red blood cells were heated to 65°C for % hour At this tempera 
ture the cells were completely lysed, and the stroma was used for adsorption 
tests The adsorption curves were similar to those ob tamed with intact cells 
When the cells were heated at 100°C for 5 minutes, adsorption and elution still 
occurred with the stroma, but the elution of the agent was much less mar ked 
than with the use of intact cells In all of the experiments with stroma, heated 



Fio 5 Supernatant agglutination titers on a suspension of the Lee strain of 
influenza virus, to which fresh red blood cells were added three times at three hourly 
intervals The final concentration of the virus suspension was approximately 1 1 
throughout, while the concentration of cells was maintained at 1 J per cent- The 
test was carried out at 24 C. 

or unheated, a much larger amount of substance was necessary to produce a 
good adsorptive effect than if intact cells were used. 

Stability of the Virus Eemag&ltilimns — In order to determine the degree of 
heat stability of the influenza hemagglu tmins, suspensions of PR8 and Lee virus 
were heated at 50°C , 55 C, and 60°C for 1 hour Samples were removed 
periodically and tested for agglutination titer Each sample was also given 
mtranasally in full concentration to six mice The effect of heating on the 
parallel tn vitro and in vivo tests is given m Table I A temperature of 50°C 
for 1 hour does not detectably affect the agglutination titer At 55°C about 
bnlf the agglutinating activity is lost from each suspension in 1 hour At 60°C 
the inactivation is greatly enhanced This is an average result, but the exact 
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degree of inactivation at a given temperature vanes with different lots of virus 
The loss of infectivity does not parallel the drop m agglutination titer 


TABLE I 

Inactivation of Influenza Firm Hemagglutinins and Iufectmty by Heat 


Strain 

Temper- 

ature 

Agglutination titer 


Length of time at given temperature (mm ) 


0 

1 

5 

15 

30 

45 

60 


°c 




■ 






447* 

479* 

447* 

Bi|| 

447* 

479* 

479* 

PR8 (A) 

55 

479* 

338* 

362* 


223 

194 

223 



447* 

169 

9 

i 6 

5 

3 

<2 



194* 

169* 

194* 

194* 

182* 

208* 

208* 

Lee (B) 

55 

208* 

147* 

128 

128 


97 

91 



194* 

56 

<2 

<2 

<2 

<2 

<2 


All samples were inoculated mtranasally in mice, 0 05 cc of undiluted material 
* Indicates those groups of mice in which death or lung lesions occurred as a result of the 
inoculation 


/ TABLE EE 

Inactivation of Influenza Virus Hemagglutinins and Infeclmly by Formaldehyde 



Concentration 
of formalin 


Agglutlimnon titer 


Strain 

Length of time of exposure to formalin 



30 min 

1 day 

3 days 

8 days 


Per cent 

None 

256* 

239* 

256* 

208* 

PR8 (A) 

0 1 

294* 

138 

128 

91 


0 5 

223 

147 

52 

<2 


1 0 

194 

97 

<2 

<2 


None 

147* 

128* 

128* 

128* 

Lee (B) 

0 1 

128* 

138 

128 

128 


0 5 

138 

138 

104 

52 


1 0 

120 

104 

34 

<2 


All samples were inoculated mtranasally in mice, 0 05 cc of undiluted material. 

* Indicates those groups of mice in which death or lung lesions occurred as a result of the 


inoculation 

A preparation of PR8 virus was heated at 55°C for 30 minutes No infec- 
tivity was then detectable, and about half of the agglutinating power was lost 
Red cells were added to this suspension, and the adsorption of the remaining 
agglutinin was measured Adsorption and elution occurred in a manner similar 
to that obtained with untreated virus suspensions 
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To find out the effect of formaldehyde on the hemagglutinins, again suspen- 
sions of the PRfi and Lee strains were used Formalin was added to aliquots of 
each virus to a final concentration of 0 1 0 5 and 1 0 per cent After ^ hour 
the various suspensions were tested for agglutination titer They were retested 
at 1, 3 and 8 days, the suspensions being stored at 4 °C Parallel tests for in 



Fio. 6 Supernatant agglatination titers and 50 per cent mouse mortality titers 
on a suspension of the Lee strain of mfluema virus, to which chicken red cells were 
added- The final concentration of the virus suspension for the teat was 1 2 and of 
the cells 0 75 per cent 

fectivity were run by inoculating mice with 0 05 cc. of the undiluted material. 
The results are recorded in Table EC from which it can be seen that formaldehyde 
has a slow inactivating effect on the agglutinin and a rapid and marked effect 
on the mfectrvity 

Formalin was added to suspensions of PR8 virus in such amount that after 
the addition of an equal volume of 1-5 per cent red cells the concentration was 
0 1 0-5, 1 0, and 2 0 per cent Titrations were run on the supernatants up to 
4 hours Formalin concentrations of 0 1 and 0.5 per cent appreciably retarded 
the adsorption and elution of agglutinin. In the presence of 1 0 and 2 0 per 
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cent formalin, however, the agglutinin was rapidly adsorbed and there was no 
evidence of subsequent elution 

Correlation between the Adsorption and Elution of Virus Hemagglutinins and 
Infectious Activity —While it has already been shown that chicken red cells 
adsorb virus infective activity from a suspension (2, 3), it has not been shown 
whether or not the infective particle is subsequently eluted from the cells For 
this purpose a preparation of Lee virus and an equal volume of 1 5 per cent red 
cells were mixed Samples were withdrawn at vanous intervals, from which 
the red cells were removed and the supernatant fluids were tested for agglu- 
tination titer m vitro and for mortality titer in mice The two series of titers 
obtained are shown m Fig 6 The agglutination titrations gave the usual type 
of curve with maximum adsorption at about 10 minutes, when approximately 
80 per cent of the agglutinin had been removed The 50 per cent mortality 
titers showed a maximum adsorption at 15 minutes when 95 per cent of the 
original mfectivity was removed In 4 hours’ time both the agglutination titer 
and the mouse mortality titer of the supernatant fluid returned to their original 
values Both forms of activity began to elute at about the same time This 
result adds one further bit of evidence in favor of the view that the infective 
activity and the agglutinating activity in a virus suspension are very closely 
associated and may constitute parts of the same particle 

DISCUSSION 

The foregomg data are much too meager to permit any definite conclusions 
to be drawn regarding the mechanism of agglutination of chicken red cells by 
suspensions of influenza virus The facts do, however, suggest tv, o analogies 
which may be of some assistance in planning a further attack on the problem 

The adsorption of bacteriophage onto the susceptible bacterial cell is very 
similar to the reaction we have described In this case the bacteriophage par- 
ticle is beheved to attach to specific receptor points on the bacterial surface, and 
m instances in which the receptors have been isolated they have proved to be 
polysaccharides (8) Cells which do not possess the receptor points do not ad- 
sorb the phage With bacterial viruses, however, the adsorption of the phage 
particle is followed by multiplication and then release of new particles Here 
the analogy ends since there is no evidence so far of the ability of influenza virus 
to multiply in the presence of avian red cells 

The curves of adsorption and elution of influenza hemagglutinins suggest that 
the interaction of hemagglutinin and virus occurs m two phases first, a combi- 
nation (rapid even at low temperatures) and second, some alteration of the 
cells accompanied by a separation of the modified cells and the agglutinin The 
latter phase appears to be considerably retarded at low temperatures The 
modification of the cells in the second phase renders them incapable of combin- 
ing with more agglutinin, while the released agglutinin is apparently un- 
changed 
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The analogy of tins reaction with the interaction of enzymes and substrates 
seems worthy of note It is the generally accepted view that the first stage m 
enzyme action at least m most cases, is a combination of enzyme and substrate 
Then the substrate is chemically changed, whereupon the enzyme and the 
altered substrate dissociate, and the enzyme is free to adsorb and alter more 
substrate It is clear that if one were able to make a measurement' of the 
amount of free enzyme present during this process, the amount of free enzyme 
should be low in the initial stages after combination had occurred m the presence 
of an excess of substrate In the later stages of enzyme action when the sub- 
strate has been largely used up, free enzyme should appear again in quantity 
approaching the initial concentration, since there is insufficient substrate to 
combine with all the enzyme present 

In this analogy the agglutinin corresponds to the enzyme, which is not used 
up, while the substrate corresponds to the substance at the receptor point on 
the red cell, which is destroyed during the process of agglutination, rendering 
the cell m capable of further adsorption. The sensitivity of the hemagglutinin 
to heat and to formalin is consistent with a substance of protein nature The 
cellular substrate, on the other hand, is very resistant to heat, and this stability 
suggests that it may be a non protein substance 

The obvious approach to the problem of the nature of this agglutination re- 
action is to try to isolate from the red cell the receptor substance and then to 
see what effect the virus suspensions have on it 

The simplest explanation of the actual aggregation of cells in the presence of 
the agglutinin is to view the latter as forming a bond between the cells. If the 
agglutinating particles were bi or tn valent and there were multiple receptor 
points on the red cells, one could visualize how a network or clump of cells could 
be built up The main evidence for this view is the fact that the agglutmabihty 
of the cells and the amount of virus hemagglutinin adsorbed are parallel phe 
nomena 

Since the infective agent m a virus suspension was adsorbed and eluted in a 
manner similar to that of the hemagglutinin, it is cleat that there is a close asso- 
ciation between these two types of activity Whether or not these two agents 
occur on the same particle or on different particles, and whether or not the two 
forms of activity are completely separable is not yet known. So far the agglu 
tinrn may be ob tamed without virus activity, but we have not yet been able to 
inactivate the agglutinin without also inactivating the virus. 

It seems likely that the agglutination of red cells by influenza hemagglutinins 
may have some counterpart in natural infection of susceptible cells with the 
virus While there is no evidence at all concerning this problem at present, it 
may be that susceptible cells possess a surface receptor similar to that of the red 
cell and that m infection this substance is altered by the hemagglutinin, thus 
injuring the cell membrane and providing a point of attack for the infective 
particle. 
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SUMMARY 

A number of experiments were performed on the adsorption of influenza hem- 
^SS^ttimns on chicken red blood cells, from which the following conclusions 
were drawn — 

1 When chicken red blood cells and preparations of influenza viruses were 
mixed together, the influenza hemagglutinins present were rapidly adsorbed 
onto the cells After varying lengths of time, dependent on the conditions of 
the experiment, the adsorbed hemagglutinins began to elute from the cells 
With the Lee strain at 23 °C and the PR8 strain at 37°C almost all of the ad- 
sorbed agglutinin was released m 4 to 6 hours 

2 When the number of red cells used for adsorption was increased, the speed 
and degree of adsorption of the hemagglutinins increased The time of maxi- 
mum adsorption of hemagglutinins was the same, regardless of red cell concen- 
tration, and with the larger amounts of red cells the speed and degree of elution 
was decreased 

3 When adsorption of PR8 virus agglutinins was carried out at 4°C the ad- 
sorption was rapid and nearly complete When the reaction was carried out 
at higher temperatures (27° and 37°C ), the adsorption was equally rapid but 
was progressively less complete with rise m temperature At4°C the maximum 
adsorption was not reached for 5 hours, at 27°C it was reached m 25 minutes, 
and at 37°C the greatest degree of adsorption was attained between 3 and 5 
minutes The amount of elution observed at 4°C at 18 hours was negligible, 
but the degree of elution increased with temperature so that at 37°C almost all 
of the adsorbed agglutinin was released m 6 hours’ time 

4 Red cells which had adsorbed and then fully eluted the agglutinin were 
not capable of adsorbing a detectable amount of fresh agglutinin In addition, 
such cells would no longer agglutinate even though exposed to fresh virus sus- 
pensions 

5 The hemagglutinin of influenza B virus was capable of being adsorbed on 
and eluted from several successive lots of chicken red cells without appreciable 
loss of agglutinating activity 

6 The hemagglutinins of the PR8 and Lee strains were rapidly inactivated 
at 60°C The presence of active virus was not necessary for the occurrence of 
the adsorption-elution reaction on chicken red cells 

7 The activity of the portion of the red cells responsible for the adsorption 
of the he ma gglut inins persisted, though in reduced amount, even after heating 
for 5 minutes at 100°C Hemagglutinins were adsorbed and eluted from red 
cell stroma 

8 The infective agent in influenza virus suspensions was adsorbed by chicken 
red cells simultaneously with the adsorption of hemagglutinins 95 per cent of 
the infective agent was removed from suspension by the red cells after contact 
for 15 minutes From then on the infective agent was gradually released from 
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the red cell a After 4 hours the 50 per cent mortality titer of the supernatant 
fluid was as high as at the beginning of the experiment 

BIBLIOGRAPHY 

1 Hint, G K., / Exp Med , 1942, 75, 49 

2 Hirst, G K Science 1941, 94, 22. 

3 McClelland, L , and H are, R-, Canad Pub Health J 1941, 82, 530 
4. Francis, T Jr , Science, 1934, 80, 457 

5 Francis, T , Jr Science, 1940 92, 405 

6 Hirst, G K. Rickard E. R., Whitman, L., and Horsfall, F L., Jr J Exp Med , 

1942, 75, 495 

7 Hint, G K , and Pickels, E G , to be published 

8. DdbrQck, M , in Nord, F F , and Werkman, C. H., Advances in enxymology 
and related subjects, New York, Intersaence Publishers, Inc., 1942, 2, 1 




THE MANUFACTURE OF ANTIBODIES IN VITRO 
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Two years ago there was published (1) a theory of the structure and process 
of formation of antibodies which had been developed from the available In 
formation about intramolecular and mtermolecular forces The prediction 
was made from this theory that antibodies could be manufactured tn vitro 
from suitable protein molecules by use of an appropriate general method, which 
was described as follows * — 

* An interesting possible method of producing antibodies from serum or globulin 
solution outside of the animal is suggested by the theory The globulin would be 
treated with a denaturing agent or condition sufficiently strong to cause the chain 
ends to uncoil, after which this agent or condition would be removed slowly while 
antigen or hapten is present in the solution m considerable concentration The chain 
ends would then coil up to assume the configurations stable under these conditions 
which would be configurations complementary to those of the antigen or hapten.’ 

We have during the past two years carried out experiments along these 
lines, and have succeeded in endowing normal serum globulin with the proper 
ties of a specific antibody, in other words, we would seem to have converted 
normal globulin mto antibody Similar but less satisfactory results have been 
obtained also with other serum proteins. Our experiments are described 
in the following sections of this paper 1 1 

Orienting Experiments with Methyl Blue as Antigen 

Many orienting experiments were earned out with the dye methyl blue as 
antigen. This dye as obtained commercially is a mixture of the p-tnsulfonated 
and disulfonated pamrosanilines, with formulas such as 

1 A brief statement of the results of these experiments has been published 
Pauling L. and Campbell, D H., Science 1942, 95, 440 

* We acknowledge with appreciation the financial support of this work by the 
Rockefeller Foundation We are also indebted to Dr David Pressman and Mr 
Card Ikeda of these Laboratories for help with the experiments, and to Dr W Goebel 
of The Rockefeller Institute for Medical Research, Dr E. J Cohn of Harvard Medi 
cal School, and Dr J D Porsche of Armour and Co for providing us with materials. 
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It was selected because of its high solubility in water, its intense color (giving 
increased accuracy to colorimetric analyses), its dialyzabiJity, and the presence 
m the molecule of strong haptemc groups The protein used for most of the 
preliminary experiments was a y-globulm fraction obtained by essentially the 
methods employed by Hewitt (2) and by Cohn and collaborators (3) in then- 
studies of serum proteins It was the protein fraction from fresh beef serum 
which is insoluble at 33 per cent saturation with ammonium sulfate The 
material was reprecipitated once, washed with salt solution, and then dialyzed 
free of ammonium sulfate at pH 7 5 and 4°C The resulting solution was then 
stored m the refrigerator until used 

Of the five methods of denaturation used in the preliminary investigations, 
treatment with sodium hydroxide solutions gave the most promising results 
A typical experiment was carried out as follows — 

Enough dye was added to a 2 0 per cent protein solution to give a dye concentration 
of 0 1 per cent and enough 0 1 n NaOH to raise the pH to approximately 110 After 
the mixture had stood for 15 to 30 minutes, a 10 0 ml sample was removed, placed 
in a cellophane bag, and dialyzed at 4 °C against a stream of phosphate buffer of 
pH 7 5 In th is way the protein molecules, which had been subjected to the denatur- 
ing action of the alkali, were given the opportunity of changing slowly to configurations 
stable m neutral solution and in the presence of the antigen The renatunng process 
took place over a period of several hours, during which the pH of the protein-antigen 
solution changed slowly from 11 0 to 7 5 At this point a small amount of protcin- 
dye precipitate had appeared On continued dialysis, with loss of dye, the amount of 
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precipitate increased. At the end of 24 hours only a small amount of dye remained 
in solution, the rest having been precipitated or dialyzed through the cellophane. 
The dialysis was continued for 72 hours at the end of which only a trace of dye re- 
mained in solution. 

Various control experiments were made such as the following A 10 ml. sample 
of the dye-protein alkali solution which had stood at pH 110 for 15 to 30 minutes 
was brought to pH 7 5 very rapidly by addition of 0 1 n HQ solution and was then 
dialyzed as above \ second control experiment was made with no addition of 
alkali the dye-protcin solution at pH 7 5 was dialyzed In both of the controls only 
a trace of d> e remained in solution after dialysis. 

The precipitates were dissolved In dilute NaOH solution and analyzed for dye 
colonmetrically and for protein by Kjeldahl nitrogen determination. A large amount 
of precipitate was formed both in the main experiment (with alow neutralization) 
and In the first control, however, the precipitate from the main experiment contained 
80 tig of dje per mg protein, and that from the first control only 6 Only a small 
amount of precipitate with 3 pg of dye per mg protein was obtained in the second 
control The precipitate from the mam experiment waa soluble m excess dye and 
in sodium Anmlfamlate solution (hapten) but not m other unrelated dyes or hapten 
solutions, such as sodium ^-amnflate solution. The control precipitates were in 
soluble or only slightly soluble under these conditions. 

These facts indicate that the precipitate obtained by slow removal of the 
denaturing agent (hydroxide ion) is a specific antigen-antibody precipitate, 
that obtained in the first control being denatured protein and that obtained 
in small quantity m the second control being non-specific dye-protein complex. 

Various methods were tried, without success, to separate the dye from the 
dye-protein precipitate and to obtain a specific precipitin for the dye Methods 
used consisted of treating the dye-protein precipitate with acid and alkaline 
solutions, Btrong Balt solution (20 per cent NaCl) and dialysis against solution 
of hapten (^-sulfanilate ion) Hie precipitate dissolved in relatively strong 
alkaline solutions and the dye could then be removed by dialysis but the re- 
sulting protein had lost its affinity for dye The precipitate did not dissolve 
m acid or strong salt solutions nor was the dye removed b> dialysis against 
these solutions. Some of the precipitate dissolved in 0 01 v hapten solution 
but the dje was not removed b} dialysis against this solution. Our later 
experience with arsamlate indicates that this failure wa3 due to the use of too 
low hapten concentration 

Other methods of dcnaturation gave varying results. Heat denaturation 
at various temperatures up to 80° C with slow cooling produced approximately 
the same effect as alkali denaturation Acid treatment at pH 23 led to no 
alteration in affinity for dvc Although 3.5 n urea solutions produced con 
sidernble denaturation there was no evidence of mcrcared affinity for dye 
Surface denaturation brought about b> long continued shaking of a 1 per cent 
protein solution in the presence of d) c gave a precipitate containing approxi 
matel> 200 fig of dye per mg of protein However, the precipitate formed 
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by this method was not soluble in excess dye or in hapten solution, and hence 
m this respect is not closely similar to an antigen-antibody precipitate We 
think that surface denaturation can probably also be developed mto a satis- 
factory method of m vitro manufacture of antibodies 

Although most of the investigations were earned out with the 7 -globuhn 
fraction, alkali denaturation tests were also made with other serum fractions 
obtained by salt precipitation All of these fractions, including serum albumin, 
showed on treatment an increase in dye affinity, somewhat smaller than that 
shown by the 7 -globuhn fraction 


The Manufacture of Antibodies Homologous to the Azophenylarsomc Acid Group 


In other experiments which led to the preparation of protein solutions with 
properties of specific antisera a different method of causing the change m 
configuration of the protein molecules was used, namely, mcreased thermal 
agitation at a temperature lower than that which leads to precipitation of 
denatured protem At a temperature just below the “denaturation tem- 
perature” (at which precipitation occurs) the protem molecules would be 
expected to assume various configurations and to change more easily from one 
configuration to another than at room or body temperatures It was accord- 
ingly expected that under these conditions the protem in the presence of 
antigen would change from its normally stable configuration to configurations 
stable in the presence of antigen molecules, namely, those complementary to 
active parts of the antigen molecules 

This method was carried out with another dye, l,3-dihydroxy-2,4,6,- 
tri(^-azophenylarsomc acid)benzene, which had been found (4) to give very 
good precipitates with hapten-homologous rabbit antiserum This dye, which 
contains three azophenylarsomc acid groups attached to a resorcinol molecule, 
has the following formula — 
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It dialyzes through cellophane, and its color is intense enough to permit 
accurate colorimetric analyses to be made 

The 7 -globulin used in these experiments was prepared from fresh beef 
plasma by ethanol precipitation as described by Cohn and collaborators (5) 
At first the experiments were earned out with material prepared m our labora- 
tory, and the later work was done with preparations kindly supplied through 
the courtesy of Dr E J Cohn of Harvard Medical School and Dr J D 
Porsche of Armour and Co No significant difference in behavior was observed 
between the two preparations 

Preparation of the modified protein was earned out as follows — 

A solution containing 0 01 per cent of d>e and 1 0 per cent of protem at approx: 
mately pH 7.8 was placed in a water bath at 57°C, which Is about 10° below the 
denaturation temperature of the protein. At the end of 3 or 4 days, depending upon 
temperature, concentration of reagents, and pH, precipitate began to appear The 
amount of precipitate increased for several days. After 11 to 14 days the mixture 
was removed from the bath, placed in a cellophane bag, and dialyxed for 24 hours 
against 1 0 per cent Nad solution to remove most of the free dye. Some additional 
precipitation occurred during this process The material was then placed in a fresh 
bag and dialyzed until no more dye was removed against 05 n anymilate solution, 
made by dissolving arsanlllc acid O-aminophcnylarsomc acid, HiNCbHiAsOjHj) 
in sodium hydroxide solution and bringing to the desired pH, 7-5 This required 
about 4 days, during which the solution was continually agitated and the hapten 
solution, the volume of which was five times that of the protein solution was changed 
every 24 hours. Most of the precipitate dissolved dunng this hapten dialysis the 
insoluble protein material which remained was discarded and the solution was then 
dialyzed against 1 0 per cent Nad solution until free of hapten. Tha required 3 
to 4 days. If all of the dye had not been removed by treatment with hapten pre 
apitahon occurred as soon as the hapten concentration was reduced by saline dialysis, 
and the foregoing process had then to be repeated. 

The final solution prepared by this method was dear and contained approxi- 
mately 40 per cent of the original protem and no dye The modified protein, 
which will subsequently be referred to as manufactured antibody, behaved like 
natural antibody m forming specific precipitates and in the fixation of com 
piemen t It was specific in that it reacted with homologous antigens, namely 
many of the simple phenylarsomc acid azo dyes and azopro terns, but failed to 
react with similar sulfanflic antigens. Furthermore, preparations of y-globulm 
which had been treated m a similar manner but in the absence of dye al5o 
failed to show any activity' 

Precipitin tests using the tnsubstitnted resorcinol dye as test antigen gave 
typical optimum proportion zones, with no precipitate forming in excels 
antigen or m the presence of homologous hapten such as sodium arsanilate. 
The precipitates which formed with both simple dyes and azopro terns showed 
the same low solubility as natural antibody precipitates For example, there 
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was no appreciable loss of antigen or antibody after the third washing with 
buffer solution, and diluted antigen-antibody mixtures gave the same amounts 
of precipitate as undiluted mixtures However, the reactions differed from 
those of i mm une sera in that more critical conditions were necessary for pre- 
cipitation For example, the manufactured antibody was found to give no 
precipitate with antigen at pH values greater than 6 5 or with NaCl concentra- 
tion over 4 per cent, although formation of soluble complexes of antibody and 
antigen was shown to have occurred by the failure of the dye antigen to 
dialyze out of the solution Another apparent difference was that with in- 
crease in pH the optimum proportion zone was found to shift to a higher 
antibody/antigen ratio These characteristics are presumably due to the 
particular method of preparation used 

Precipitin tests were carried out as follows — 

To 1 0 ml portions of manufactured antibody solution containing acetate buffer 
there were added equal volumes of various dye dilutions which were also buffered 
with acetate The mixtures were allowed to stand for 24 hours at room temperature, 
and the precipitates were then washed three times with buffer solution and analyzed 
for dye colonmetncally and for total nitrogen by micro Kjddahl The antibody 
nitrogen m the precipitate was then obtained as the difference between total and dye 
nitrogen The same methods were employed for the azoprotein antigens 

The results obtained with the trisubstituted resorcinol dye at pH 5 0 and 
5 5 are given m Table I The amount of manufactured antibody was kept 
constant (4 10 mg ) and the amount of dye was varied from 5 280 mg to 
0 020 mg At pH 5 0 the equivalence zone occurred at 1 320 mg of dye and 
at pH 5 5 the zone shifted to 0 330 mg However, the equivalence zone for a 
given pH occurred at a constant total antibody/antigen ratio over a wide 
range of antibody dilutions The molecular ratio of antibody to antigen m the 
precipitates was much smaller than is ordinarily obtained with natural 
antibody, but several factors make the significance of the values doubtful 
Of these the most important is that there is a tendency for this dye to associate 
in the lower pH range There is also the possibility that the valence of the 
antibody formed under these conditions differs from that formed under natural 
conditions due to the randomness of the structural changes which take place 
during denaturation The titer of this particular preparation of manufactured 
antibody expressed m terms of limiting dilutions was 1 200,000 

It will be noted from Table I that under the best conditions only about 15 
per cent of the manufactured antibody was precipitated However, we might 
well expect that the methods described above would produce a very hetero- 
geneous mixture of protein structures varying from unchanged molecules and 
univalent antibodies to antibodies with several combining regions A more 
active preparation with about 80 pier cent of the protein precipitable could be 
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obtained by extracting only the dye-protein precipitate which formed during 
the mitital dialysis against saline, but the yields have been so small that very 
little work has been done with such preparations It will also be noted that 
only about 15 per cent of the dye antigen was precipitated under optimum 
conditions, which agrees closely with results obtained with the same dye and 
natural antibodies 

The manufactured antibody solution was found to precipitate azoprotein 
Reactions with phenylarsomc acid azo-ovalbumin (Table II) were observed 
to be somewhat different from those with the simple dye antigen m that under 
the conditions studied so far no optimum zone has been obtained with respect 
to change in pH or antibody dilutions The antigen used was prepared by 
coupling the diazomum salt of arsanihc acid m the usual manner to crystalline 
ovalbumin The resulting product analyzed 74 hapten groups per molecule 
of protein Within the range studied, the amount of manufactured antibody 
protein precipitated was of the same order as that found m the simple dye- 
antibody precipitates However, the amount of antigen was much less, and 
the antibody/antigen ratios are similar to those obtained m precipitates with 
natural antibody For example, in the region approximating antigen excess 
the ratio is 0 67 and in the region of antibody excess the ratio became slightly 
higher than one 

Experiments on the Manufacture of Antibodies to Pneumococcus Polysaccharide 

Type HI 

Similar experiments were also carried out with pneumococcus polysaccharide 
Type HI as antigen 

1 gm of pneumococcus polysaccharide Type HI was kindly sent to us by 
Dr Walther Goebel of The Rockefeller Institute for Medical Research This 
was used with 7 -globulin m the same way as the azoresorcinol antigen 25 
mL of 1 per cent 7 -globukn solution was taken, and 250 mg of tire polysaccha- 
ride was dissolved in it, a little alkali also being added, smce the polysaccharide 
was in the form of an acid The final pH was adjusted to 7 5 The mixture 
was then kept for 2 weeks at 57° in a thermostat At the end of this time a 
small amount of precipitate had been formed The mixture was removed 
from the bath and the solution separated from the precipitate It was found 
that when a small amount of polysaccharide solution was added to a portion 
of the supernatant solution a precipitate was formed This was presumably 
an antigen-antibody precipitate, indicating that in the original solution there 
was an excess of antibody This precipitate was found to contain both protein 
and polysaccharide, the protein was shown to be present by the biuret test 
and the polysaccharide by dissolving it in dilute alkali and adding calcium 
hydroxide, which produced a precipitate of the calcium salt of the polysaccha- 
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ride Both protem end polysaccharide were also shown to be present in the 
precipitate originally produced during the 2 weeks’ heating 

The specificity of the supernatant solution was shown by the fact that it 
did not preapitate with Type I polysaccharide solution The Type VXLI 
polysaccharide also did not give a preapitate, despite the fact that it contains 
the same groups as the Type HI polysaccharide, this may have been due to 
weakness of the artificial antiserum 

Agglutination tests were also earned out with the original supernatant 
solution. It was found that this solution agglutinated Type HI pneumococci 
but did not agglutinate either Type I or Type U pneumococa. 

The attempt was then made to prepare a pure preparation, by separating 
the polysaccharide from the protem solutions. This was tried in two ways. 
The first method tned consisted in adding sodium chloride to about 15 per 
cent concentration, and then adding hydrochloric acid to about pH 4, at which 
point the polysaccharide precipitated It was removed, and the solution 
dialyzed against physiological saline and the pH adjusted to 7 The solution 
obtained in tins way was found to have only slight activity It gave a very 
slight preapitate with solution of Type IH polysaccharide only m a very 
narrow concentration zone This zone was in the region of a tenth of a milli- 
gram of polysaccharide per milliliter of undiluted antibody solution. Poly 
saccharide Type I did not give any reaction with this antibody solution 

The other preparation was made by adding 15 per cent salt, and then calaum 
hydroxide and calcium chloride which precipitates the polysaccharide The 
pH was about 9 after this treatment The resulting solution was found to 
give a small amount of preapitate with polysaccharide Type HI in a narrow 
concentration zone The reaction was somewhat stronger t h a n that given 
by the solution made by the aad precipitation method 

Agglutination tests were earned out with these purified antibody solutions. 
The solution from the aad preapitation did not give definite agglutination 
That from the calcium precipitation gave definite, though not strong agglu 
tmation with Type HI pneumococa The agglutination was not complete 
enough to cause all the pneumococa to form a single dump but was enough 
to cause many small chimps to form. The agglutination could be achieved 
still after two twofold dilutions of the original purified antibody solution, which 
contained about 3 mg of protein per milliliter The fact that agglutination 
did not occur after further dilution shows that the agglutinin solution is very 
weak. Agglutination could not be detected with either Type I or Type H 
pneumococa 

It seems likely , from the low titer of the agglutinin in the purified antibody 
solution, that the artificial antibod} was largely destroyed by the process of 
purification Probabl} the most active fraction was earned down with the 
polysaccharide during its precipitation. 
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SUMMARY 

A protein solution with the properties of a specific antiserum to the tri- 
phenyhnethane dye methyl blue has been made by treating a solution of 
bovme y-globuhn and the dye with alkali and then slowly neutralizing the 
alkali Some success has been obtained also m the formation of antibodies 
from other serum proteins and by other denaturation-renaturation procedures 
By heating solutions of y-globulm and antigen to 57°C for several days 
antisera homologous to the antigens have been prepared This method has 
been used successfully with the azodye l,3-dihydroxy-2,4,6-tn(/>-azophenyl- 
arsomc acid)benzene and with pneumococcus polysaccharide Type UI 
The antipneumococcus sera were found to precipitate the polysaccharide of 
Type EH but not those of Types I and VUE and to agglutinate pneumococa 
of Type HI but not those of Types I and II 
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THE ACTION OF EXTREME COLD ON LEUKEMIC CELLS OF MICE* 
By CHARLES BREEDIS MJD 

(From ike Department oj Pathology, Cornell University Medical College New York) 
(Received for publication* May 1, 1942) 

Viruses (1), bacteria (2, 3), and single celled or small multicellular nmmajg 
and plants (4, 5) may survive temperatures of liquid air or lower The re 
sistance of forms that show marked cold hardiness is correlated with ability 
to survive desiccation (6a) Experiments attempting to determine the 
resistance of normal and neoplastic tissues to freezing have given variable 
results The methods by which freezing and thawing have been accomplished 
and the possibility that different types of cells may require for their survival 
different conditions have received little attention These aspects of the 
problem m relation to the agent transmitting leukemia of mice form the subject 
of the present report 

MJchaelia (7) froze Jensen s mouse carcinoma in liquid air for a half hour and 
found that it could still be successfully transplanted. Sal vin-Moo re and his co- 
workers (8, 9), Gaylord (10), and later investigators have confirmed this observation 
with other mammalian tumors. Salvin Moore and Walker (8) believing tumor cells 
to be killed by such extreme cold, suggested that resistance to freezing is evidence 
for the existence in tumors of an extracellular transmitting agent In support of this 
hypothesis, -Lambert (II), Lake (12), *nd Simcmln (13) were unable fo obtain growth 
in tissue culture from embryonic tissues frozen to — 6°C. or lower Similar!} Cramer 

(14) could obtain no growth from mouse sarcoma tissues frozen three times to be 
tween — 20°C and — 40° C. though these tissues even when frozen eight times to 
less than — 80°C still produced tumors on inoculation Lambert (II 6) had observed 
growth, however from explants of tumors frozen to — 16°C. and MIder and Morton 

(15) have in recent years found evidence of characteristic cell proliferation In sub- 
cutaneously implanted normal rat akin that had been frozen to — 74 C KJinke 
(16a) has demonstrated growth in tissue culture horn fragments of sarcomata and 
carcinomata of mice, as well aa from normal chick embryo heart, that had previously 
been frozen in liquid air These observations show that resistance of neoplasms to 
freezing is not evidence that they are transmitted by a virus. 

Studies in this laboratory have shown that frozen tissues of leukemic mice retafh 
their ability to transmit leukemia If freezing has been slow, but are innocuous if 
freezing has been rapid (17) The malignancy of slowly frozen tissues is unaltered 
after storage for 2 years at — 70°C. (18) 

* These investigations were supported by grants from the Lady Tata Memorial 
Trust, the International Cancer Research Foundation, and the Jane Coffin Childs 
Memorial Fund. 
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Few other observers have found slow freezing to be less destructive than rapid 
freezing Rahm (4), using rotifers, nematodes, and tardigrades m the wet state, and 
Djm (19), using leaves of the red cabbage, had earlier obtained similar results Other 
investigators find that the rate makes little difference, or that rapid freezing is better 
than slow For the preservation of spirochetes, Turner and Brayton (20) consider 
only the rate of thawing to be important, and this must be rapid 

Several recent investigations show both rapid freezing and thawing to be the best 
method for the preservation of certain types of cells Coggeshall (21) found this 
to be the case for malarial parasites Similar results for the preservation of motility 
of human spermatozoa were obtained by Shettles (22), Jahnel (23), and Hoagland 
and Pmcus (24), and for that of frog spermatozoa by Luyet and Hodapp (25) The 
irritability of frog muscle fibers and the motility of the vinegar eel, a nematode, could 
be preserved only m this way by Luyet and his coworkers (6 6, 26) The rapid freezing 
method of Luyet differs essentially from that employed by other workers and will 
be discussed later 

Mider and Morton (15) found the Walker rat sarcoma, Sarcoma 387, and Sarcoma 
180 to be equally transmissible whether freezing to — 74°C had been slow or rapid, 
but on repeated freezing slowly frozen tumors gave no takes on inoculation, whereas 
rapidly frozen tumors could be refrozen five to seven times before they were in- 
activated Klinke (16 o) emphasizes the necessity of rapid freezing and thawing for 
preserving normal tissues and carcinomata or sarcomata of mice, rats or rabbits 

There is considerable evidence m favor of the view that the agent transmitting 
leukemia of mice is the live leukemic cell itself (27, 28 o) If both leukemia and cancer 
of mammals depend for their transmission on living cells, it is remarkable that these 
cells should react so differently to a physical agent and that leukemic cells should 
behave like those of distant species Consequently it seemed desirable to determine 
more precisely the freezing conditions required for the inactivation of the leukemia- 
transmitting agent, or leukemic cell 

Of the eight experiments to be reported, the first four were done to test the 
effect of very slow and very rapid freezing on the transmissibihty of three 
different strains of leukemia In the last four, one of these strains was tested 
under various cooling conditions 

Methods and Materials 

Three str ains of leukemia were used Strain Rfb 385 arose from a mouse having 
monocytic leukemia, induced by mtrasplenic injection of benzpyrene (286) Strains 
Akf 5 and fAhh 1032 are from mice with spontaneous lymphocytic leukemia All 
three have been transmitted through many generations, by both intravenous and 
subcutaneous inoculation. 

Cell suspensions to be frozen were prepared by mincing subcutaneous tumor, 
spleen, and lymph nodes of a leukemic mouse with scissors m Tyrode’s solution that 
contained 10 per cent of rabbit serum or of ammo tic fluid The suspension was 
cleared of gross particles b> sucking it through a small piece of cotton and into a 
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Bynngc through a 27 gauge needle. The concentration of leukemic cells was then 
determined m a counting chamber 

In the first four experiments thin walled glass tubes (Fig. 1, A) were used for freez- 
ing Suspensions to be frozen slowly were transferred from the syringe to the bottoms 
of the tubes through the 27 gauge needle. The tubes were then placed in an alcohol 
bath at 0°C The temperature of the bath was lowered at a rate of approximately 
0.5° per minute by dropping into it small pieces of solid COi At -60°C the rate 
was increased to 1 per minute, and at — 70 the tubes were immersed in liquid 
nitrogen at —196° 



Fio 1 Types of glass tubes used for freezing leukemic cell suspensions. Wall 
thicknesses are A, 0.5 mm. B, 1 mm., C, 02 mm. The amounts of suspension are 
0 8 cc., 1 cc., and 0 4 cc. respectively 


Rapid freezing was done by allowing the suspension to fall drop by drop from the 
end of the same 27 gauge needle onto the inner wall of the same type of tube immersed 
in liquid ni tr ogen. The tube was held at an angle, and its position was frequently 
changed so that each drop fell on a fresh area of wall in the wide upper portion of the 
tube, where it froze within a second or two 

All tubes were kept at —196° for approximately an hour and were thawed as 
needed for injection. Slow thawing was done by placing the tube in a small beaker 
containing approximately 20 cc. of alcohol at —40° in the ice box. Thawing was 
complete in 20 to 30 minutes. For rapid thawing the tube was transferred to alcohol 
at —40° for 5 minutes and was then shaken in water at 37° Thawing was complete 
in 8 to 12 seconds. 

Injection of Mice — A tube containing the original suspension was kept in ice 
water until the other tubes had been frozen. Then a senes of dilutions was prepared 
for injection, using Tyrode'a solution containing 10 per cent of rabbit aerum or of 
amnio tic fluid as the diluent The frozen and thawed suspensions were injected 



224 


ACTION OP EXTREME COLD ON LEUKEMIC CELLS 


without dilution All injections were intravenous, 0 1 cc. being given into the tail 
vein of each mouse 

The procedures in Experiments 5 to 8 will be described separately 

The Effect of Rapid or Slow Freezing or Thawing 
{Experiments 1 to 4) 

The procedure in all four of the experiments was the same, though each was 
done on a separate day and at different times of the year Three strains of 
leukemia were tested 

The results of inoculations with suspensions frozen and thawed as described 
are shown in Tables I to IV, and will be considered together 


TABLE I 

Effect of the Rate of Freezing and Thaunng on Leukemic Cells of Strain Rfb 385, Frozen to 

—196°C ( Experiment 1) 


Material injected 

No of cells 
injected 
(approximate) 

No of mice 

Length of life after 
Injection 

Injected 

Died with 
leukemia 

Extremes 

Average 





days 

days 

Not frozen 

3,500,000 

5 

4 

14-17 

15 5 

Not frozen 

35,000 

5 

3 


25 7 

Not frozen 

350 

6 

6 

jiSfl 

33 0 

Not frozen 

3 5 

6 

0 

BbBbM 

— 

Slow frozen, slow thawed 

3,500,000 

6 

0 

- ■ 


Slow frozen, rapid thawed 

3,500,000 

4 

2 

29-56 

43 

Rapid frozen, slow thawed 

3,500,000 

6 

0 

— 

— 

Rapid frozen, rapid thawed 

3,500,000 

6 

0 

— 

— 


AU of the 8 rapidly frozen suspensions, injected into a total of 48 mice, were 
inactive, whereas 5 of the 7 slowly frozen suspensions were still capable of 
transmitting leukemia to 20 of the 38 mice injected 
When methods of thawing are compared, all of the 4 slowly frozen and rapidly 
thawed suspensions are active, m 15 of 22 mice, as compared to only one of 
the 3 slowly frozen and slowly thawed suspensions, in 5 of 16 mice Un- 
fortunately, one tube of the latter material (Table IV) cracked during freezing 
and was not injected 

The average length of life after inoculation gives a fair indication of the 
concentration of the transmitting agent, as seen from the results of injecting 
diluted suspensions (Tables I to IV), and may be used to estimate the destruc- 
tive effect of the freezing process On this basis the frozen and thawed sus- 
pensions from the three stains of leukemia tested correspond m potency to 
the following dilutions of the fresh suspensions strain Rfb 385 (Tables I and 














TABLE n 

Effect of tie Ratt of Frenini and Tkaving on Leukemic Cdh of Strain Rfb 3SS Frozen to 
-196°C (Experiment 2) 


Material infected 

No. of calls 
injected 

UpprarfaruU) j 

No of inlet 

Length of life after 
Infectioc 

lafsctxd 

Pkd with 

Extrasa 

Average 

Not frozen 

2 200 000 

5 

i 

5 

18-22 i 

*71 

19 6 

Not frozen 

22 000 

6 

4 

33-37 

34 7 

Not frozen 

220 

6 

0 

— 



Slow frozen slow thawed 

2 200 000 

5 

0 

I 

_ 

Slow frozen rapid thawed 

2 200 000 

6 

1 

37 

37 

Rapid frozen flow thawed 

2 200 000 

6 

0 

— 

_ 

Rapid frozen rapid thawed 

1 2,200 000 

6 

0 

— 

“ 


TABLE m 

Effect of tit Ratt of Freezing and Tkavnng on Ltuktmic Celh of Strain Akf 5, Frozen to 
~196*C (Experiment S) 


Material Infacted 

a 

No. of ceOs 
Injected 

(sppCDI louts) I 

1 

No of ska 

Length of Hie alter 
injection 

Infected 

Died with 
leukemia 

Extremes 

Am <* 


1 



*7* j 

*y* 

Not frozen 

1 800 000 

5 

4 

10-1* 

11 0 

Not frozen 

18 000 

5 

5 

14-14 

14 0 

Not frozen 

180 

5 

5 | 

15-21 

17 4 

Not frozen 

1 8 

4 

2 

15-33 

24 

Slow frozen alow thawed 

1 800 000 

5 

5 

14-15 

14 8 

Slow frozen, rapid thawed 

1 800 000 

6 

6 

14-15 

14 5 

Rapid frozen ilow thawed 

1 800 000 

6 

0 

— 

— 

Rapid frozen rapid thawed 

1 1 800 000 

6 

0 

— 



TABLE IV 

Effect of tfu Rate of Freezing and Tiamng on Leukemic CdU of Strain f Aik 1032 
Frozen to —196*C (Experiment 4) 


Material Injected 

No of calls 
injected 
(approximate) 

No, o! mica 

Length of life after 
injection 

Infected 

Diad with 1 
Imtrmla 1 

Extrema ; 

Arernge 





*71 

*7* 

Not frozen 

6 000 000 

6 

6 

6-9 

7 0 

Not frozen 

60 000 

6 

5 

8-10 

9 4 

Not frozen 

600 

6 

6 

12-19 | 

13 1 

Not frozen 

6 

6 

6 1 

14-44 

25 7 

Slow frozen rapid thawed 

6 000 000 | 

6 

« 

11-13 

11 3 

Rapid frozen, alow thawed 

6 000 000 | 

6 

0 

— 

— 

Rapid frozen rapid thawed 

6 000 000 

6 

0 

— 
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II) > slow frozen rapid thawed, between 1 10,000 and 1 1,000,000 in the first 
experiment and between 1 100 and 1 1000 m the second, strain AH (Table HI), 
slow frozen and slow or rapid thawed, about 1 100, strain fALh 1032 (Table 
IV), slow frozen rapid thawed, between 1 100 and 1 1000 

Though these survival values are small, they still correspond to from 100 
to 1000 tunes the smallest infectious dose for strains ALf 5 and fALh 1032 
Strain Rfb 385 is less resistant to freezing, and barely enough agent is preserved 
to transmit the disease 

Temperature Changes during Slow Freezing 
{ Experiment 5 ) 

It is well known that slowly cooled aqueous solutions may not freeze at 
their true freezing points, and can often be supercooled many degrees Super- 
cooled leukemic cell suspensions are fairly stable at temperatures above 
— 9°C When inoculated with ice they rapidly congeal In the previous 
four experiments freezing of the slowly cooled suspensions occurred spon- 
taneously between — 9° and — 13° 

Smce the formation of ice results of the liberation of a large amount of heat, 
there is a marked rise m temperature when a supercooled suspension freezes 
Consequently, lowering of the bath temperature at a constant rate will not 
result in a similar rate of lowering of the temperature of the suspension while 
freezing is gomg on 

The present experiment was undertaken to determine whether supercooling 
until freezing takes place spontaneously is more or less deleterious than freezing 
at the freezing point following inoculation with ice 

Howard (29) has found that the freezmg pomts of normal and neoplastic 
rat tissues are almost identical, and are of the order of —0 6°C 

Procedure — The cell suspension was prepared as in the previous four expenments, 
m Tyrode’s solution containing 10 per cent of rabbit serum Strain fAhh 1032 
was used 

Four special Pyres glass tubes (Fig 1, B), each containing 1 cc of suspension, 
were immersed m a mechanically starred alcohol bath m a thermos bottle In the 
center of each tube, immersed in the suspension, was placed a calibrated copper- 
constantan thermocouple, the other junction of which was kept in ice water The 
bath temperature was followed with a thermocouple and a pentane thermometer 

The bath was cooled or warmed at a slow, uniform rate by allowing heat to flow 
into it or out through a heavy U-shaped copper bar, one prong of which dipped into 
the bath and the other into another thermos bottle filled with either warm water or 
sohd COs m alcohol 

The course of the temperatures of the four suspensions as the bath was slowly 
cooled is shown in Fig 2 They followed the temperature of the bath with a constant 
lag of approximately 0 5°C, except in two regions At — 1°C the suspensions in 
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tubes 1 and 2 were inoculated with a small amount of Tyrode’s solution that had been 
frozen on the end of a fine capillary and introduced through the side aim of the tube. 



Fic 2 Temperature changes in leukemic cell suspensions during slow freezing 
and thawing Results of injection are shown in Table V 


TABLE V 

Effect ef tkt Utlkod of Slow Freeing to ~21*C on CeUt of Strain fAkh 1022 
(Experiment 5 Cf Fig 2) 


M»tcr»l Injected 

<v 

No o l mice 

Lenrtfa of life after 
Injection 

Injected 

Died *Uh 
leufcania 

Extremes 

Aren** 

Tube 1 Frozen at —1 C near freezing point. 

« 

« 

Uji 

10-12 

**y* 

11 0 

slow thawed 

Tube 2 Frozen at — 1°C. near freezing point, 

6 | 

o 

10-11 

10 5 

rapid thawed 

Tube 3 Supercooled, freezing at — 10 

6 

6 

10-12 

11 0 

clow thawed 

Tube 4 Supercooled, freezing at —11.2 G. 

6 

6 

9-10 

9 S 

rapid thawed 

Not frozen 

6 

6 

^ 7-11 

8 2 


The temperature of both suspensions lagged behind that of the bath and the other 
two tubes until freezing was nearl> complete, at about —5° The suspensions in 
tubes 3 and 4 began to freeze spontaneously, at —10 7° and -1U° respective]> , 
as can be seen from the sudden me in their temperature from these points almost to 
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their freezing point and its subsequent rapid return to the temperature of the other 
two suspensions, which had followed the bath temperature at a constant rate. 

The temperature of the bath was allowed to drop slowly to -21° Tubes 2 and 
4 were then thawed rapidly by shaking them in water at -37° Thawing was com- 
plete in approximately 30 seconds Tubes 1 and 3 were kept m the bath as its tem- 
perature was slowly raised Both tubes followed the same thawing curve, shown m 
Fig 2 It is evident that thawing commenced at least 5° below zero and reached its 
most rapid rate between —1° and 0° 

The thawed suspensions were injected intravenously into mice in amounts of 0 1 
cc , each mouse receiving an estimated 4,000,000 cells 

Results of inoculations with each of the four frozen suspensions and a fresh 
suspension are shown in Table V All of 30 mice inoculated died of leukemia 
m from 7 to 12 days Since the average length of life does not differ signifi- 
cantly among the four groups receiving frozen material, it is probable that the 
destructive effect of each of the methods of freezing and thawing is about the ’ 
same On comparison with the average length of life of mice receiving fresh 
material, and with the results of the previous experiment using this strain of 
leukemia (Table IV), it is estimated that again only a few per cent of the 
transmitting agent was preserved 

The Effect of Rapid Cooling through Various Temperature Ranges 
(. Experiment 6) 

In this experiment it was attempted to find whether the lethal action of 
rapid coolmg is limited to a definite temperature range, and to estimate the 
rapidity of cooling necessary to render leukemic cell suspensions innocuous 

Procedure — A leukemic cell suspension was prepared as in the previous experi- 
ment, using strain fAkh 1032 Freezing was done c m nine flat glass tubes having 
very thin walls (Fig 1, C), so that the suspension would rapidly take on the tempera- 
ture of the surrounding bath Each tube contained 0 4 cc. of suspension 

Three baths in thermos bottles were set up, ice water at 0°C , liquid nitrogen at 
— 196°C , and an ether bath The last was cooled at a slow constant rate of 1 D C 
per minute by dropping into it small pieces of solid COa 

The method of cooling the suspensions is shown diagrammatically in Fig 3, where 
the course of temperature of each of the nine tubes is represented by a numbered heavy 
line. The horizontal portion of a fine represents the suspension in one of the constant 
temperature baths, the oblique portion slow cooling at a rate of 1° per minute, and 
the vertical portion rapid cooling following removal from one bath and immersion 
m another at a lower temperature 

Tube 1 was immersed m liquid nitrogen from a temperature of +37°C Tubes 
2, 3, 4, 5, and 6 were placed m the ether bath at 0° and were immersed in liquid nitro- 
gen when their temperature had reached 0°, —8°, —15°, —40°, and — /0° respectively 
Tubes 7, 8, and 9 were taken from the ice water bath and immersed in the ether bath 
when its temperature was —15°, —40°, and —70° respectively A feu minutes 
after the ether bath had reached -70° these tubes were immersed in liquid nitrogen 
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All of the tubes were kept in liquid nitrogen for an hour, and were then thawed 
rapidly for injection by Immersing them in water at room temperature. Injections 
were intravenous, each mouse receiving 0 1 cc. of suspension containing 3,000,000 
cells. 

The rapid freezing method of vitrification described by Luyet (see discussion) 
was also attempted with this cell suspension Approximately 15 large glass covenlipa 
of No. 1 thickness and 24 by 40 mm. In size were immersed in the suspension, taken 
out one by one, and rapidly plunged mto liquid nitrogen. Material so frozen onto 
the co\ enllpa had a glass}' transparency when held toward the light On warming 
a few seconds in the air it suddenly became white and opaque (devitrification) A 
few seconds later, just before thawing set in it became clear again. 



Fio. 3 Diagram showing temperature changes to which 9 samples of leukemic 
cell suspension were subjected. Results of injection are shown in Table VI. 

Hie material was rapidly thawed by dropping the covenhps, one by one into 
Tjrode s solution containing 10 per cent of rabbit serum at room temperature. The 
resulting suspension was Injected intravenously in amounts of 0J cc. mto 5 mice, 
each receiving an estimated 500 000 cells. 

Results of the inoculations are shown in Table VI Tubes 1, 2 and 3, 
immersed in liquid nitrogen from temperatures of +37°, 0°, and — S° respec 
tively failed to produce leukemia in any of the 14 mice Injected. Tubes 
4, 5 and 6, slowly cooled to temperatures of —15°, —40°, and —70° respec 
tively and then immersed in liquid nitrogen, produced leukemia in all of the 
15 mice injected. Tube 7, rapidly cooled to —15°, then slowl} to —70°, and 
finally rapidly to —196°, produced leukemia in all of 5 mice Injected, whereas 
tubes 8 and 9, where the initial rapid drop was to —40° and —70° respectively, 


230 


ACTION OF EXTREME COLD ON LEUKEMIC CELLS 


were innocuous in the total of 9 mice injected The vitrified material also 
failed to produce leukemia 

From the results of injecting tubes 1 to 7 it is evident that suspensions which 
have been brought to a temperature of -15° or less by relatively slow cooling 
can no longer be inactivated by subsequent rapid cooling Also, the results 
of injecting tubes 7, 8, and 9 indicate that the initial drop from 0° to -15° 
is not rapid enough to inactivate the suspension, whereas the more rapid rate 
of cooling m dropping to —40° or lower is sufficient These results suggest 

TABLE VI 


Effect of Rapid Cooling through Various Temperature Ranges on Cells of Straw 
fAkh 1032, Frozen to —196°C ( Experiment 6 Cf Fig 3) 



Material injected, method of cooling 

No of mice 

Length of life after 
injection 


Injected 

Died with 
leukemia 

Extremes 

Average 

Tube 1 

Rapid, +37° to —196° 

5 

0 

days 

days 

Tube 2 

Rapid, 0° to>— 196° 

4 

0 

— 

— 

Tube 3 

Slow, 0° to —8°, rapid, —8° to —196° 

5 

0 

— 

— 

Tube 4 

Slow,0° to —15°, rapid, —15° to —196° 

5 

5 

10-11 

10 6 

Tube 5 

Slow, 0° to —40°, rapid, —40° to —196° 

5 

5 

10-19 

12 8 

Tube 6 

Slow, 0° to -70°, rapid, -70° to -196° 

5 

5 

10-12 

11 0 

Tube 7 

Rapid, 0° to —15°, then slow to —70° 

5 

5 

12-13 

12 2 

and rapid to —196° 

Tube 8 Rapid, 0° to —40°, then slow to —70° 

5 

0 





and rapid to —196° 

Tube 9 Rapid, 0° to — 70°, rapid — 70° to 196° 

4 

0 





Vitnfied, 

0° to -196° j 

5 

0 

— 


Not frozen 

5 

5 

7-10 

8 0 


that m rapid coolmg from 0° to —196°, as in the case of tube 2, the lethal 
change is complete by the time —40° is reached and that most of it takes 
place in the range 0° to — 15°C 

The initial temperature changes in the rapid drop from 0° to —196° and 
from —8° to —196° were determined later {cf Fig 5) 

Effect of Rapid Cooling on Frozen and Supercooled Suspensions at the Same 

Temperature 

{Experiment 7) 

The question arises as to whether complete inactivation occurs because of 
rapid passage through a definite temperature range or is due to rapid transition 
of the material from the liquid to the solid state, at whatever temperature this 
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may occur In all of the previous experiments, slowly cooled suspensions were 
still liquid (supercooled) at —9°C., and froze spontaneously between this 
temperature and —15° Since it is possible to obtain liquid or frozen sus- 
pensions at the same temperature, the latter by simply inoculating the liquid 
suspension with ice, and then subject both to rapid cooling one may decide 
between these two possible causes of inactivation 

Procedure — Strain fALh 1052 was again used, and a cell suspension was prepared 
as in the previous experiment 

Eight of the same type of flat tubes each containing 0 4 cc. of suspension, were 
brought through the various temperature curves shown dlagrammatically in Fig 4. 



Fig. 4 Diagram showing temperature changes to which 8 samples of leukemic 
cell suspension were subjected- Results of injection are shown in Table VIL 

Three baths were set up, ice water at 0°, liquid nitrogen at —196°, and an ether 
hath- The last was slowly cooled from 0° to —70° at a constant rate of 1° per minute, 
except at —2° an d — 8°, where it was held constant for 10 minutes at each temperature. 

Tubes 1 to 6 were placed in the ether bath at 0° and coding of the bath was started 
At —2° the suspension In tube 1 was inoculated with a small amount of Tyrode s 
sdution frozen on the end of a fine capillary The suspension froze rapidly and 
appeared solid within 30 seconds. The bath was maintained at —2 for 10 minutes. 
At the end of this time tube 1, its suspension frozen solid, and tube 2 its suspension 
ttill liquid were immersed in liquid nitrogen. Tubes 5 and 6 froze spontaneously 
at —14 and —12 respectively Tube 5 was immersed in liquid nitrogen when the 
temperature of the bath was —15°, tube 6 when it was —70° Tubes 7 and 8 were 
taken from ice water and immersed in the ether bath when its temperature reached 
— 15° and —30° respectively When it reached —70° both were immersed in liquid 
nitrogen 

Solid particles of spleen and lymph node were frozen in an additional two of the 
flat tubes, not shown in Fig 4 Thu was done in order to test whether inactivation 
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by rapid freezing is peculiar to cell suspensions alone. One, tube was frozen rapidly 
by immersion m liquid nitrogen from a temperature of 0° The other was subjected 
to the same slow freezing conditions as tube 6 

All of the tubes were kept m liquid nitrogen for approximately an hour and were 
thawed rapidly by immersion in water at room temperature. The suspensions in 
tubes 1 to 8 were diluted to 0 8 cc. and were injected intravenously in amounts of 
0 15 cc., each mouse receiving a total of 2,000,000 cells Cell suspensions were pre- 
pared from the thawed particles of spleen and lymph node. These were injected 
intravenously m amounts of 0 1 cc., each mouse receiving an estimated 500,000 cells 

TABLE VH 


Effect of Rapid Cooling on Frozen and Supercooled Suspensions at the Same Temperature, 
StratnfAkh 1032, Frozen to —196°C ( Experiment 7 Cf Fig 4) 


Material Injected, method of freezing 

No of mice 

Length of hfe after 
injection 

Injected 

Died with 
leukemia 

Extreme* 

Average 

Tube 1 Frozen at —2°, then immersed in liquid 

5 

i 

days 

16 

days 

16 

nitrogen 





Tube 2 Liquid at —2°, then immersed in liquid 

5 

0 

— 

— 

nitrogen 





Tube 3 Frozen at —8°, then immersed in liquid 

5 

5 

12-13 

12 4 

nitrogen 





Tube 4 Liquid at — S°, then immersed in liquid 

5 

0 

— 

— 

nitrogen 





Tube 5 Slow, 0° to -15°, rapid, -15° to -196° 

5 

5 

11-12 

11 2 

Tube 6 Slow, 0° to - 70°, rapid, - 70° to - 196° 

4 

4 

11-15 

12 5 

Tube 7 Rapid, 0° to 15°, slow, -15° to -70°, 

5 

5 

11-12 

11 2 

rapid, —70° to —196° 





Tube S Rapid, 0° to-30°, slow, -30° to -70°, 

5 

1 

15 

15 

rapid, — 70° to — 196° 

Solid particles, rapid 0° to — 196° 

t 

5 

0 

— 

— 

Solid particles, slow, 0° to —70°, rapid, —70° to 

6 

6 

12-13 

12 2 

-196° 





Not frozen 

5 

5 

8-10 | 

8 6 


The results of injection with these frozen and thawed materials are shown 
in Table VII 

As was expected from the previous experiment, the suspensions in tubes 
5 and 6, which had already been frozen to -15° and -70° respectively before 
immersion in liquid nitrogen, produced leukemia in all of the 10 mice injected 
The suspensions m tubes 2 and 4, supercooled to —2° and —8° respectively 
and then immersed in liquid nitrogen, were innocuous for all of the 10 mice 
mjected On the other hand, the suspensions in tubes 1 and 3, which had been 
inoculated with ice and allowed to freeze at these respective temperatures 
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before immersion m liquid nitrogen, still retamed their ability to transmit 
leukemia. The former produced the disease, after a delayed incubation period, 
in one of 5 mice, the latter m all of 5 mice. 

The suspension m tube 7, rapidly cooled from 0° to “15°, then slowly to 

— 70° and finally rapidly to — 196°, produced leukemia m all of 5 mice injected, 
whereas that m tube 8, where the initial rapid drop was from 0° to —30°, 
produced leukemia m only one of 5 mice after a delayed incubation period 
It will be recalled that w Experiment 6 the suspension subjected to an initial 
rapid temperature drop from 0° to —40° was innocuous. 

The results of Experiments 6 and 7 Indicate that to be protected from the 
destructive effect of rapid cooling suspensions must previously be frozen 
whether spontaneously or by inoculation with ice The initial temperature 
of the frozen suspension is also important, as seen from the results of injection 
of the three suspensions m Experiment 7 that were frozen In baths at —2°, 

— 8°, and — 15°C and then Immersed in liquid nitrogen The first is almost 
innocuous only one of 5 injected mice died of leukemia, after 16 days. Mice 
injected with the second and third suspensions all died, after an average length 
of life of 12 4 and 112 days respectively It appears that the agent is better 
protected from rapid cooling by previous freezing at the lower temperatures 
The thawing curve shown m Fig 2 (Experiment 5) suggests that frozen sus- 
pensions still contain a considerable amount of unfrozen water at —2° 

Rapid and slow freezing had the same effect on solid particles of spleen and 
lymph node as on the suspensions The 5 mice injected with rapidly frozen 
material failed to develop leukemia, whereas the 6 injected with slowly frozen 
material all died of the disease 

The initial temperature change in the rapid drop from 0° to — 196° and from 

— S° to —196° were determined later ( cf Fig 5) It is of interest that m the 
second case the temperature at first rose to the freezing point despite the 
rapid cooling action of the bath 

Temperature Changes during Rapid Freezing The Rate of Coding Necessary 
for Inadmatum 
{Experiment 8) 

Since frozen suspensions at —2°, —8°, and —15° resist inactivation by 
subsequent rapid cooling to —196° while liquid suspensions at 0°, —2°, and 
—8° do not it is highly probable that the inactivation due to rapid cooling 
takes place during rapid transition from the liquid to the solid state, somewhere 
in the range 0° to — 15° Consequently, measurements of the rate of cooling 
necessary' for inactivation would seem to have their greatest significance 
in this range 

The previous two experiments show that for the type of tube used (Fig 
1, C) a rate of cooling sufficiently' great to render the suspensions innocuous 
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can be attained by transferring the tube from one bath at 0° to another (ether) 
at 40 Similar cooling from 0° to — 15° results in uniformly active material, 
even though the temperature is subsequently brought to —196° Measure- 
ments were therefore confined to suspensions originally at 0°C transferred to 
baths at -15°, -25°, -35°, and -45°C 

Procedure — One of the flat tubes (Fig 1, C) was fitted with a small copper- 
constantan thermocouple. The thermocouple was held in the center of the suspension 
by means of cork nngs shaped to fit the upper part of the tube, the arrangement being 
similar to that shown in Fig 1, B The other junction was kept in ice water 
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Fig 5 Graph showing temperature changes m the range 0°C to — 15°C under- 
gone by leukemic cell suspensions suddenly subjected to freezing baths at various 
temperatures Results of injection with all but the two samples initially super- 
cooled to — 8°C are shown in Table Vi 11. 

Temperature changes during freezing were recorded by an electrocardiograph 
machine of the string galvanometer type, manufactured by the Cambridge Instrument 
Company The thermocouple was connected directly to the leads of the machine 
Calibration was done through the range, 0° to —20° The recordings were made 
with the advice and assistance of Mr R. K. Waller of the Flushing Hospital 
Laboratory 

A cell suspension was prepared as in the previous experiment, strain fAkh 1032 
agam being used The same tube and thermocouple were used to successively freeze 
four different samples of the suspension Freezing was done by keeping the tube in 
ether at 0° for 5 minutes and then rapidly transferring it to ether at —15°, —25 , 
-35°, or -45°, where it was kept for 15 minutes It was then thawed by immersion 
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in water at 25° and injected intravenously in amounts of 0 1 cc., each mouse receiving 
an estimated 2 000 000 cells A fresh suspension was kept in ice water until the frozen 
materials had been injected. It was then injected In a senes of dilutions 

A time-temperature recording was made during the freezing of each of the four 
samples These carves are shown in Fig 5 The figure also shows two curves for 
suspensions that were first supercooled to —8° and then immersed m fr ee in g baths, 
one ether at —75° and the other liquid nitrogen at —196° These suspensions were 
not injected 

The results of injection with frozen samples are shown m Table Vnr 
Material frozen to —15° produced leukemia m all of 9 mice injected, the mice 
dying after an average of 8 4 days. Freezing to —25°, —35°, and —45° 
m creased the average length of life to 10 4, 14 0, and 15.3 days respectively, 


TABLE Vm 

Effect of Frccin[ on Suspension} Subjected to Coding Both at Various Temperatures Strain 
fAkh 10r> (Expefunenl 8 Cf Fi t 5) 


Material Injected, 
method of (reciter 

No. of call* | 
Injected 

No of mice 

Lanfth of life after 
Injection 

Injected 

Died with 
Wukemta 

Extreme* 

Aware 





**? * 

4*7 1 

0° to —15 

3 000 000 

9 

9 

8-9 

8 4 

0° to —15° 

30 000 

5 

5 

9-11 

10 2 

O’ to -25 

3 000 000 

5 

5 

10-11 

10 4 

0° to -35 

3 000 000 

5 

5 i 

13-18 

14 0 

0° to -45° 

3 000 000 

10 

3 

14-16 

15 3 

Not froien 

3 000 000 

6 

6 

6-6 

6 0 

Not frozen 

30 000 , 

4 

4 | 

9-9 

9 0 

Not frozen | 

300 

5 

5 

11-12 

11 4 


and only 3 of the 10 mice injected m the last group died of leukemia These 
figures correspond to the following dilutions of fresh material 1 1 to 1 100 
(—15°), 1 100 to 1 10,000 (—25°), less than 1 10,000 (—35°), considerably 
less than the former (—45°) The survival of material in the last tube was 
unexpected Experiments 6 and 7 suggest, however, that if these materials 
had been subsequently cooled to — 196° tberr potency would have been further 
reduced and the last would have become innocuous. 

The freezing curves for these four materials and for two supercooled sus- 
pensions that were not injected are shown in Fig 5 It is evident from the 
curves that the interior of the suspension did not become supercooled m any 
of the tubes Freezing began at the true freezing point, and the temperature 
remained high until freezing was nearly complete Then it dropped rapidly 
toward the bath temperature. The suspensions already supercooled to —8° 


1 
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behaved similarly Their temperatures rose m less than a second to between 
— 1° and —2°, where they remained for some 8 seconds and then began to 
drop rapidly It is of interest that the curves for the two supercooled materials 
are almost identical, though one was immersed m ether at — 75° and the other 
in liquid nitrogen at — 196° Gas from the boiling nitrogen around the tube 
acts as an insulating layer so that liquid nitrogen is prevented from coming m 
contact with the tube This phenomenon does not occur m the case of ether, 
and the full temperature difference between it and the mtenor of the tube 
is utilized 

The times taken for the suspensions to reach a temperature of —15° de- 
pended upon the bath temperature to which each was subjected The sus- 
pension taken from the bath at 0° and immersed in a bath at — 15° required 
60 seconds to reach a temperature of —15° When the temperature of the 
second bath was —25°, —35°, —45°, or —196°, the time required for the 
suspension to reach — 15° was 38, 22, 16, and 13 seconds respectively Similarly, 
suspensions originally at —8° reached — 15° in 12 or 11 seconds when immersed 
in baths at —75° and —196° respectively The suspension cooled from 0° 
to — 196° is not represented m the graph, but it followed the same type of 
curve as the others starting at 0° 

The results of injections in this experiment indicate that the lethal effect 
of freezmg is almost complete by the time —45° has been reached, and that 
most of it occurs in the narrower range, 0° to — 15° Experiments 6 and 7, 
combined with the temperature measurements done in this experiment, show 
that if the temperature of the central parts of a suspension passed through the 
latter range in 13 seconds or less, the suspension becomes innocuous, whereas 
if 60 or more seconds are required, approximately 1 per cent of the activity is 
preserved, provided that the final temperature reached is — 196° in both cases 

DISCUSSION 

The mech anism of death by freezmg has been a subject of considerable study 
and speculation There are two prevailing theories, both involving the for- 
mation of ice (1) Ice is first formed extracellularly, causing death by mechanical 
compression and injury of the cells (30), (2) ice is formed intra- or extra- 
cellularly Its formation mvolves the withdrawal of water from protoplasm 
and leads to irreversible changes, due to simple dehydration, change in pH, 
concentration of toxic substances or other, unknown factors (31) Hjin (19) 
beheves that death may result from too rapid thawing, injury bemg caused by 
rapid invasion of protoplasm by water from the melting ice Luyet and 
Gebemo (6 c) have reviewed several theories, and conclude from their own and 
previous work that the formation of ice crystals is the primary cause of cell 
death Ice crystal formation can be prevented or reduced in several ways 
Moran (32 a) has found that if gelatin gel is dehydrated until its water content 



CHARLES BREEDIS 


237 


is 35 per cent or less, Ice crystals will no longer form in it This observation 
may aid in explaining the extreme resistance to cold of forms that survive 
desiccation Cold resistance in plants is correlated with such factors as os- 
motic value of cell content, percentage of reducing sugars, amount of coagu 
lable nitrogenous constituents, and quantity of dry matter (33) 

The success of rapid freezing has been attributed to the fact that smaller 
ice crystals are formed in this way Luyet and Gehemo (66) believe that with 
sufficiently rapid cooling ice crystal formation can be abolished altogether 
Their observations indicate that ice crystals form m protoplasm only within 
a definite temperature range, lying between the freezing point and — 40°C 
Minute pieces of tissues cooled through th« range with extreme rapidity con- 
geal to form amorphous, glass-like so Lids The authors term this process 
“vitrification ” Thawing must also be extremely rapid If vitnfied material 
is kept for even a short time at temperatures between the freezing point and 
— 40° C ice crystals form in it (devitrification) It is of interest in this con 
nection that Moran (326), by means of conductivity measurements, has 
determined the eutectic temperature of frog muscle to be — 37.5°C 

Few investigators have attempted to estimate rapidity of freezing with any 
degree of exactness, so that much of the variability m results may be due to 
differences in technique alone. There is no doubt, however, that the vitrifi 
cation method is far more rapid than any yet employed m investigations on 
tumor tissue 

The criteria by which survival has been established in materials frozen b> 
vitrification are open to criticism, Epjdcnm] cells of the onion were assumed 
to have survived freezing on the basis of their staining reaction with neutral 
red and their osmotic properties (34), frog spermatozoa (25), human sper 
matozoa (24), and the vinegar eel, a nematode (26), on the basis of motility, 
frog muscle fibers (66) on the basis of irritability and osmotic properties It 
has not been shown in these studies that the cells are able to multiply, or, in 
the case of spermatozoa, to fertilize ova. Experiments m which growth is 
observed after freezing or an agent of transmissible disease multiplies tn vivo 
after freezing tn vitro demonstrate survival more conclusively Turner and 
Brayton (20) found no close correlation between the motility and infectious- 
ness of frozen and thawed spirochetes 

Results that show slow freezing to be less destructive than rapid freezing 
are difficult to explain. A number of observations indicate that profound 
damage occurs when frozen materials are mam tamed for a protracted time at 
temperatures dose to the freezing point. Moran (32 c) has found a critical 
temperature of — 2°C at which irreversible changes begin to occur in frog 
muscle Freezing to equilibrium at —2° removed 78 per cent of the water as 
ice Below this temperature there is loss of irritability and osmotic properties 
on thawing, and shortening up to 80 per cent occurs. The last change is 
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pre\cnted b> slow thawing At the critical temperature there is also a sharp 
maximum of lactic acid formation (35), and maximum precipitation of 
denatured protein (36) 

Haines (3) found that storage of bacteria, and Turner (37) that storage of 
spirochetes at temperatures between — 20°C and 0°C results in their in- 
activation, more rapid at the higher temperatures Spirochetes stored at 

— 7S°C had not lost virulence after 3 a ears (3S) Frozen tumors stored at 

— 20°C lost their transmissibiht} m 3 weeks (Khnhe, 166) In the methods 
of slow freezing ordinarily employ ed the time of passage from 0°C to — 20°C 
is relatn el\ short, so that the types of changes occurring in storage are probably 
negligible 

Ice formation during slow freezing differs from that during rapid freezing 
Chambers and Hale (39) with frog muscle and other investigators (31) with 
plant tissues observed microscopical!} that during slow freezing ice grows 
along the cellular interspace, the cell membrane acting as a barner During 
rapid freezing ice crvstals form inside as well as outside of cells Similar 
observations were made bv Moran (32a) on discs of gelatin gel When gels 
having a concentration higher than 12 per cent were frozen slowly, ice formed 
only on the outside of the discs, which contracted as water diffused to the 
surface and froze \ final equilibrium gel concentration in the discs of 65 
per cent was reached at — 19°C Ice crystals did not then form even after 
immersion m liquid air During rapid freezing, on the other hand, numerous 
foci of ice crystal formation were observed throughout the discs 

These observations may to some extent explain the supenont} of slow freez- 
ing found in the present experiments Initial freezing of water m extracellular 
fluids would result in the concentration of osmotically active material outside 
of the cell W T ater would diffuse out of the cell to restore osmotic equilibrium, 
leaving the protoplasm partially deh}drated That such protoplasm ma> be a 
less fav orable site for ice crystal formation has ahead} been indicated Since 
the transfer of water would require an appreciable time, it could not occur 
during very rapid freezing Though some observers account for cell death, 
rather than survival, on this basis, it has been found that previous treatment 
with hypertonic solutions increases the resistance of some forms to freezing 
(6 c, 25, 26, 34) This explanation does not account for the difference m re- 
action of carcinoma and sarcoma cells on the one hand and leukemic cells on 
the other The fact that the former are bound down m a tissue matnx while 
the latter, even m tissue, are surrounded b} fluid ma} be of significance 

The chief interest m the curves showing different rates of cooling is that 
thev are similar in form and differ only in steepness The sharp endpoint at 
which the cooling rate causes complete inactivation is remarkable Approxi- 
matelv 1 per cent of activatv was preserved whether cooling through the range 
tf to — IS^C required 30 minutes or 1 minute, but when this range v as passed 
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through in 12 seconds or less, the material became innocuous, its activity 
being reduced to less than 0 0001 per cent 

SUMMARY 

Suspensions of leukemic cell3 of mice from three different strains of leukemia 
■were subjected to rapid or slow freezing and rapid or slow thawing 

Suspensions rapidly frozen to — 196°C were m all cases innocuous, whereas 
those frozen slowly were capable of transmitting leukemia. The mfectivity 
of slowly frozen material varied from an estimated 0 0001 per cent to 1 per 
cent of that of fresh material, and this figure probably represents the per 
centage of surviving leukemic cells 

Particles of spleen and lymph node reacted to slow and rapid freezing m 
the same manner as suspensions prepared from them 
For one of the strains rapid thawing was less injurious than alow thawing, 
for the other two the rate of thawing seemed to be lmmatenak 
Infectivity was equally well preserved after freezing to — 21°C whether 
freezing occurred spontaneously after supercooling or was initiated near the 
freezing point by inoculation with ice, or whether thawing was slow or rapid 
Suspensions already slowly frozen at temperatures of —2° or lower, whether 
spontaneously or by inoculation with ice, could no longer be completely in- 
activated by subsequent rapid cooling to — 196°C Unfrozen suspensions 
initially above the freezing point or supercooled to — 2°C or — 8°C and then 
rapidly cooled to — 196°C were inactivated This protective action of pre- 
vious slow freezing was most marked when the initial temperature of the 
frozen suspension was — 15°C or lower, when it was — 2°C protection was 
barely detected 

These observations indicate that the changes which are peculiar to rapid 
freezing alone and lead to complete inactivation take place during rapid transi 
tion from the liquid to the solid state, in a range of temperature lying between 
— 15°C and the freezing point Temperature measurements carried out in 
this range showed that suspensions were about equally infectious whether the 
temperature at their centers dropped from 0°C to — 15°C in 30 minutes or 
m 1 minute, when the drop occurred in 12 seconds or less, the suspensions 
became innocuous 
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The specific requirement of influenza bacilli for a heat labile, vitamin like 
substance, in addition to hemw, or X factor, has been recognized for many 
years (1) ThjBtta and Avery gave the name of V factor to this substance,, 
and in a senes of studies found it to have a wide distribution both in animal 
and in plant tissues (2) Rivera and Poole (3) showed that a convenient dif- 
ferential display of these two factors could be obtained by using filtered yeast 
extract as V factor and autoclaved blood as X factor The identity of V factor 
with coenzyme was demonstrated by Lwoff and Lwoff in 1936 (4, 5) These 
authors suggested that the growth of Hemophilus influenzae be used as a quan- 
titative measure of coenzyme by addmg the test material to a medium devoid 
of this factor, but containing in excess all other substances necessarj for growth 
of the microorgan i s m Kohn (6), Vflter, Vilter, and Spies (7), Pittman and 
Fraser (8), and others, have reported success m the use of the growth of B 
influenzae and H parainfluenxae as a measure of coenzyme in various materials 
In all instances, turbidity has been employed as a criterion of growth of the 
organism, and indirectly as a measurement of coenzyme in a medium which 
they assumed to be adequate m all other respects for optimum growth of the 
bacilli On the basis of this technique, studies on the coenzyme content in the 
blood of patients with pellagra (7) and of dogs with blacktongue (9) have been 
reported, and observations on the in vitro and xn woo synthesis of coenzyme 
from nicotinic acid have been made (10) 

During an attempt to confirm some of these observations and to study other 
phases of nicotinic and metabolism, it became apparent that additional in 
formation concerning the nutritional requirements of H influenzae and H 
paraxnfiucnzac was needed to establish the limitation of the technique and to 
make certain that conclusions reached were in all instances valid It was soon 
evident that the use of turbidity as a measure of the growth of the influenza 
bacillus was subject to many limitations. In the first place, turbidity pro- 
duced by growth of H xnfluensae is rarely great, even under optimum condi- 
tions. Under conditions imposed by coenzyme restriction changes in 
turbidity resulting from changes m coenzyme concentration may be almost im 
perceptible, although marked differences in growth may be apparent when 
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plating and bacterial counts are performed Secondly , unless test substances 
are quite clear and free from pigment they maj contribute large errors to 
turbidimetnc measurements, and. at the present tune no technique of extracting 
coenzyroe has been devised which yields a completely dear extract and uhich 
at the same time insures complete extraction Moreover, prolonged extraction 
and fractionation may well result in partial destruction of coenzyme 

- Successful microbiological methods have been de\ eloped recently for the quantita- 
tuc determination of riboflavin (11), pantothenic acid (12), nicotinic acid and 
biotin (13) The emphasis placed on the determination of a stable metabolite, 
* c , lactic aad, in these methods, led us to search for a stable metabolic product of 
the influenza bacillus m the hope that the accurate measurement of such a substance 
could be substituted for the inaccurate measurement of turbidity as an index of 
growth and metabolic activity 

The ability of the influenza bacillus to reduce nitrate to nitrite has been noted 
consistently among its biochemical activities and was first studied in detail by 
Rivers (14) and Rn ers and Kohn (15) In a survey of several metabolites 
produced by R -influenzae it has been found that the production of nitrite 
from nitrates can be used as a measurement of the metabolic activity of the 
bacilli and that the stability of this substance and the ease and great accuracy 
with uhich small amounts can be determined make it peculiarly applicable to 
a solution of the problems raised in a study of the growth requirements of this 
group of microorganisms The use of this technique for the quantitative de- 
termination of coenzyme is be ng reported elsewhere In this paper we wish 
to report studies showing the quantitative relationship between the utilization 
of coenzyme and hemin and the reduction of nitrate Studies are also pre- 
sented showing the influence of other substances m blood and tissue on the 
metabolic activity of influenza bacilli, as reflected in nitrate reduction, in the 
presence of optimum concentrations of henun and coenzyme 

Materials and Methods 

In an analysis of the part played by growth factors in the metabolism of R 
influenzae, the experimental details are of great importance Many' of the 
equivocal and contradictory results in the literature can be explained only on 
the assumption that widely \ arying techniques were employ ed m attempts to 
elucidate similar phenomena In some instances, large mocula have resulted 
in carrying over sufficient amounts of growth factors to last for several subse- 
quent transfers Another point contributing much confusion to an alrcadv 
complex picture, has been a lack of awareness of the small amounts of a giv cn 
factor which may serve for the growth of R influenzae in a medium in v hich 
the need for other required substances has been met Moreover, failure to 
recognize the fact that X-factor is beat-labile under certain conditions may 
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have contributed great errors by permitting the assumption that this substance 
was present in excess and that increased growth of influenza bacilli was due to 
factors other than hemin in the materials added to the culture medium And 
finally, quantitative differences m the requirement of various strains for h emin 
and co enzyme have not always been properly appreciated 

Source of Hemrn or X Factor — Recrystallized, chemically pure hemin, obtained 
from the research laboratories of Eastman Kodak Company, was used. Similar 
results, however, were obtained with preparations of hemin made In our own and 
other laboratories No important species differences have been observed 

Source of Coenzyme or F Factor — Preparations of coenzyme, or V factor, used in 
this study were for the most part made m our own laboratory from yeast by the 
method of Williamson and Green (16) Coenxyme prepared in this manner was 
shown to be active in the dehydrogenation of lactate. In the presence of lactic add 
dehydrogenase and methylene blue, before being used in metabolic studies with B 
influenzae Further characterization of our coenxyme preparations was made by 
spectrophotometnc studies m the ultraviolet range before and after reduction of the 
material with sodium formaldehyde sulfoxylate In all instances a band at 2600 A 
was observed with the material in the oxidized state, and a new band at 3450 A ap- 
peared upon reduction with sodrum formaldehyde sulfoxylate. The band at 3450 A 
Is characteristic of reduced coenxyme (17) 

Since the requirement of influenza bacilli for factor V is met by coenzyme I or by 
coenzyme II, and since the band of reduced coenzyme in the ultraviolet at 3450 A 
Is the same in either case, no individual expression of coenzyme I or II in our prepara 
tioni was attempted These studies were made in collaboration with Dr G L 
Lavin of the Spectroscopic Laboratory of The Rockefeller Institute. 

Through the kindness of Dr B J Jandorf of the Department of Biological Chemis- 
try at Harvard University Medical School, we were able to secure a sample of co- 
enzyme with a purity of 60 per cent as determined by comparison for activity with a 
standard sample which showed 93 per cent theoretical value for total phosphorus and 
92 per cent for reduction with dithiomte. In comparison with this standard, our 
less highly punfied preparations were shown by the growth of H influenzae to have a 
punty ranging from 32 to 43 per cent. 

A solution containing approximately 50 micrograms of the partially punfied 
coenxyme per cc. was sterilized by Berkefeld filtration. The concentration of coen 
xvme in the filtrate was determined by comparison of the ability of a suitably diluted 
aliquot to act as V factor with that of a standard desiccated sample of coenzyme of 
known punty which had been sterilized by treatment with ether Following stand- 
ardization, the filtrate was diluted to contain 4.5 nucrograms of pure coenxyme per 
cc,, and 0 5 cc. samples, accurately measured with a sterile Folln pipette, were de- 
livered carefully into the bottoms of sterile test tubes. The material was dried in 
vacuo from the frozen state, the tubes plugged with sterile robber stoppers and stored 
In a desiccator over CaCU at 0°C Coenxyme desiccated from the frozen state 
is completely and readily soluble and retains its full initial activity for several months. 
For use in the production of a standard growth curve with B influenzae 10 cc of 
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stcnlc distilled water were added to the dned cocnzvmc, care being exercised that 
none of the desiccated material escaped solution 

Preparation of Media — 4 number of media proposed by various workers were 
tested The one found best for our purposes was composed of 2 0 per cent Difco 
proteose-peptone, 0 6 per cent sodium chloride, and 0 2 per cent sodium or potas- 
sium nitrate. It was autodaved for 20 minutes at 116°C Except in those instances 
when the effect of hemin concentration on the growth of Z7 influenzae was being 
tested, 1 0 per cent autodax ed rabbit, sheep, or human blood was added to the me- 
dium after sterilization No important differences among the bloods of xanous 
species could be determined When blood was omitted from the medium, an auto- 
cla\ ed solution of hemin, as a source of X-factor, was added to make a final concen- 
tration of 0 01 mg per cc 

Preparation of Inoculum — The strains of S influenzae used in this stud} were 
obtained from a variety of sources, the primary requirement being that the organism 
selected should reduce nitrate readily and consistent!} The final studies reported 
here were for the most part earned out with two strains of H influenzae each originally 
isolated from a case of influenzal meningitis Standard mocula were prepared in S 
cc of a stock broth composed of 2 0 per cent proteose-peptone, 0 6 per cent sodium 
chloride, 0 01 mg per cc of autodaved hemm, and 0 015 micrograms per cc of puri- 
fied coenzyme. No nitrate was added m order to prevent transfer of mtntc with the 
inoculum Organisms carried on “chocolate" blood agar b\ weekly transfers were 
inoculated into a tube of stock broth and incubated oxcrmgbt at 37°C After three 
transfers m stock broth the organisms were ready for use When 0 1 cc of such a 
culture was inoculated into 10 cc of a medium, no multiplication of the bacilli or 
production of mtntc occurred unless the medium contained coenzvme 

Measurement of Nitrite Production — For the measurement of mtntc the method 
proposed by Shinn (18) has been found \eiy satisfactory In this method the color 
produced by the diazotization of sulfanilamide and subsequent coupling of the diazo 
compound with iV(l-naphthyl) ethylene diamine is dependent on and proportional 
to the nitrite present when the first two substances are added in excess The original 
technique has been modified to some extent to permit its adaptation to samples con- 
taining peptone broth — 

0 1 cc. of culture, carefully measured, is added to S 5 cc of water, followed by 1 cc, 
of 0 2 per cent sulfanilamide, 0 2 cc. of 0 1 per cent A T (l-naphthy 1) ethylene diamine 
dihx drochlonde, and 0 2 cc. of 6 n hy drochlonc acid The color develops rapidly , is 
ma-amum in 5 minutes, and shows little change after 24 hours The color intensity 
is read rath a photoelectric colorimeter of the Exclyn type (19) -with filter No 520 

In the determination of mtnte, the symbols and terminology proposed by Ei elyn 
for photoelectric colorimetry haxe been retained If G refers to the galvanometer 
reading, T to transmittance of the solution, 1 e , the ratio between the amounts of 

Q 

light transmitted by the sample and the blank, then T *» when the gah'anometer 

is adjusted to 100 with the tube containing the blank before the sample is read For 
the color produced by coupling diazosulfanilamidc to A (1 naphthyl) ethylene dia- 
mine, filter No 520 has been found sufficiently selectn c to make the la" s of Lambert 
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and Beer appbcable. Hence, C-pX log B X \ - ~ X log - 2 - — r 
A- 1 , A O K 

Therefore the concentration of chromogen, C — — when L — 2 — log G Here iv 

h. 

is a constant and L is referred to as “photometric density ” In these studies it has 
been found more convenient to use the photometric density, rather than the concen 
tration of chromogen, as an expression of the quantity of nitnte. 

EXPERIMENTAL 

In preliminary studies attempts were made to use ordinary bacteriological 
culture tubes for the growth of B influenzae It was soon apparent, however, 
that when such tubes were used the nitnte production was erratic and un- 
dependable With media deeper than 2 cm the amount of nitrite produced 
was not Btoichiometncally related to coensyme concentration For this 
reason 50 cc Erlenmeyer flasks were substituted for bacteriological culture 
tubes With 50 cc. flasks containing 10 cc of medium, consistent nitrite 
production, proportional to coenzyme concentration, has been achieved 

In all, five strains of B influenzae have been used in this study Although 
marked differences In the amount of nitnte produced were observed among 
different strains of influenza bacilli the total nitnte m each instance bore a 
stoichiometnc relationship to the concentration of coenzyme m the medium 
when all other factors necessary for growth were present in excess In Text 
fig 1 it is seen that the nitnte produced by a given strain checked closely on 
two separate occasions The amount of nitnte formed by strain T, however, 
was considerably less than that formed by 0, which indicates that a given strain 
of B influenzae may be characterized to some extent by the effectiveness with 
which it reduces nitrate 

Six concentrations of sterile coenxyme, 0 0, 0 0225, 0 045 0 0675 0 09, and 0 1 125 
micrograms, respectively were added to 9 cc. of the media con tainin g 1 mg per cent 
bermn as described above and sufficient sterile water added to bring the volume to 
10 cc. the senes was set up in tn plicate. The flasks were then inoculated with 0 1 
cc of a standard culture of B influenzae previously described, and incubated for 48 
hours at 37°C 0 1 cc. of culture was then added to 8 5 cc. of water and the nitrite 

determined as outlined above. Since the range of nitrite concentration which can be 
determined by dlazo fixation and production of color by coupling is fairly narrow and 
the amount of nitnte produced by B \nflueniae is relatively great for small incre- 
ments of coenzvme, It has been found best, in most instances, to limit the amount of 
culture taken for nitrite analysis to 0 1 cc. However, with certain strains of U 
vfluenzae which reduce nitrates less effectively, 0.2 to 0.5 cc. of the culture media 
may be required for an accurate determination When 1 cc. or less of the medium is 
taken for analysis, turbidity of the culture or test material does not interfere signifi- 
cantly with the photoelectric determination of the color intensity 



246 


COENZYME AND NITRATE REDUCTION 


Beat Stability of the X-Factor Redefined — It has been stated b) \anous 
workers from time to time that X-factor in certain materials may be partially 
destroy ed through autoclaving (20) That this destruction maj be \er> 
great, c\en to the extent of rendering media deficient in this substance, has 
been brought out by quantitative studies on a comparison betv, ecn the extent 
of growth of B influenzae in media to which hemin has been added before 



Text-Fig 1 Relationship between the concentration of cocnzyme and the pro 
duction of nitnte b> E influenzae in a medium containing an excess of hemm 

autoclaving and autocla\ed media to which X-factor, separately autoclayed, 
has been supphed X-factor concentrations which, if separately autoclayed, 
would hate been sufficient to permit maximum growth of E influenzae, mat, 
following autoclaving of X-factor and media together, fail to support visible 
growth of the organism In quantitatise studies on the metabolism of coen- 
zyme by B influenzae an excess of the X-factor is absolutely necessary , other- 
wise the growth stimulus from materials containing cocnzymc ma> be due in 
part to hemm which these test substances contain 
The extent to which X-factor maj be destroy cd b) being autoclay cd with the 
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basal medium was shown by a comparison of the growth of E influenzae, in 
the presence of increments of coenzyme and an experimentally determined 
excess of autoclaved hemin, with the growth of B influenzae under identical 
conditions, except that the hemin was autoclaved with the basal media 
The growth m the second senes was markedly decreased That the decreased 
growth was caused by a lack of sufficient X factor was shown by the fact that 
the basal media were again rendered adequate for optimum growth by the 
addition of hemin which had been autoclaved separately In a number of 
reported studies m which the growth of H influenzae has been used as a meas- 
ure of coenzyme concentration, these factors have not been controlled Con 
sequently it is possible that any observed stimulation was due to additional 
X factor added with the coenzyme test material, and not to the coenzyme, or 
V factor, alone This criticism may be particularly leveled at those reports 
in which a proteose-peptone medium, without the addition of sufficient X fac- 
tor, has been used in the quantitative assay of coenzyme For example, 
media prepared according to VTlter, Vilter, and Spies (7) has, in our hands, 
consistently failed to grow H influenzae when highly purified coenzyme prep- 
arations were added to supply V factor Growth is obtained, however, when 
hemin is added subsequently, or when a blood extract, prepared according to 
the technique of these workers, is used as a coenzyme test substance In the 
latter instance sufficient hemin is carried over m the acid extract to permit 
growth m the presence of the coenzyme which the extract contains However, 
when test substances which contain little hemin are being assayed, the factor 
limiting growth of H influenzae is no longer due to coenzyme, but to the van- 
able quantity of hemm which may be present. 

Additional Factors in Blood Which Stimulate the Growth of B influenzae — 
The development of a more exact quantitative method for the determination 
of the metabolic activity of H influenzae has made possible a study of the effect 
of various nutrient substances on the growth of this group of organisms 
That there are additional factors m blood, other than hemm and coenzyme, 
which enhance the growth of E influenzae is evident m the data portrayed in 
Text fig 2 

To duplicate flasks of 10 cc. of basal media were added an experimentally deter 
mined excess of hemin (1 mg per 100 cc.) and increments of coenzyme from 0 0 to 
0 1125 micrograms. These were inoculated with a standard strain of U % nfiutniae, 
prepared in the manner previously described and Incubated for 48 hours at 37°C. 
Nitrite determinations were made and the results have been plotted in Text-fig 2 
against increments of coenzyme. Another senes of flasks containing 0 5 per cent 
autoclaved rabbit blood, in addition to the constituents of the basal medium, were 
set np, and hemm to make a final concentration of 1 0 mg per cent was added In- 
crements of coenzyme, as described in the first series, were added and the flasks in 
oculated with 0 1 cc. of a standard culture of H mfiuenzae and incubated for 48 
hours. 
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In Text-fig 2 the results of nitrite reduction rr increments of coenzy me arc 
compared with the senes m which hemin, but no blood, had been added to the 
proteose-peptone medium In all instances a definite and measurable increase 
in nitrate reduction was noted when blood was added to the basal medium 
The addition of more than 0 5 per cent of blood, howeier, failed to increase 
stimulation It would appear, therefore, on the basis of these studies, that 



Tent-Fig 2 Production of nitrite by B influenzae m a medium containing in- 
crements of coenzyme and an excess of hemm, and with and without the addition of 
0 5 per cent blood. 

additional factors, either organic, inorganic, or both, m addition to hemin and 
coenzyme, may enhance the growth of H influenzae in the basal medium, and 
that these are maximal!} supplied bj autoclaicd blood when it is added in a 
concentration of 0 5 per cent 

Influence of Knoun Growth Factors on the Metabolism and Growth oj II in- 
fuenzae — In order to use the metabolic activity of the influenza bacillus as 
an index of coenzvmc concentration it is important to know what effect may 
be expected from an increased concentration of other known grov th factors 
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which may be added m trying amounts as contaminants in coenzyme test 
materials In Table I are listed a large number of substances which have been 
added to blood-enriched, proteose-peptone media inoculated with B \nftumzat 
In no instance has any significant difference been noted in the amount of 
nitrite produced between the control cultures grown in basal media with added 
hemin and coenzyme and those cultures containing large amounts of added 
growth factors in addition to the constituents of the control media. More- 
over, a number of amino acids, added separately and m combination, produced 


TABLE I 

Effect of Added A wfnenl Materials on the Grtnelk and Metabolism of 27 influenzae in a Basal 
Med mm Containing an Excess of Hem in and Coauywit 


fSobiUnct 

Coacrn ] 
tretlon 
per rc. ol 
medium 

Ultct on 
crawtb 
reflected 
In nitrite 
production 

Sobs tine* 

Concen- 
tration 
per ec. of 
medlom 

Effect oq 
rrrnrtn U 
reflected 

In nitrite 
production 






miU{[r*m4 


Pantothenic oad 

0 05 

None 

A- Alanine 


0 5 

None 

Nicotinic acid 

0 05 ' 


Inoiltol 


0 1 


Nkotmamidc 

0 05 


Aacorbic add 


0 05 


Pyridoxin 

0 05 

u 

Cytochrome c 


o as 

u 

Thiamin 

0 05 


Ergothionelne 


0 025 

• 

Biotin 

0 002 

u 

Tryptophane 


0 05 

u 

Choline 

0 05 


Arginine 


0 05 

M 

Folic acid 

0 05 


Amino add mixture 



Panuninobenxolc acid 

0 05 


Methionine 

0 06 



Riboflavin 

Riboflavin adenine dinu 1 

0 05 


Tryptophane 

0 06 



cJeotlde 

0 05 


Histidine 

0 06 

• 0 50 

u 

Riboflavin pboiphate 

0 05 


Leucine 

0 20 


Thiamin pyrophosphate 

0 05 


Glycine 

0 02 





II 

Glutamic add 

0 04 





II 

Arginine 

0 06 




no significant alteration of growth or metabolic activity in this medium 
These are likewise recorded in Table I 

The fact that influenza bacilli do not use nicotinic acid as such, but require 
its physiologically active form, coenzyme, led us to try the activated forms of 
riboflavin and th iamin , t -riboflavin adenme-dinucleobde, riboflavin phos- 
phate, and thiamin pyrophosphate. Riboflavin ademne-dmucleotide was 
prepared from yeast by the method of Warburg and Christian (21), riboflavin 
phosphate was synthesized by the method of Kuhn, Rudy, and Weygand (22), 
and thiamin pyrophosphate was synthesized by the method of Weijlard and 
Tauber (23) No stimulation by any of these substances to the growth or 
metabolic activity of B snfiuenzae could be detected when they were added to 
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the blood-ennched proteose-peptone medium It cannot be concluded from 
these results, however, that these substances are not required by the influenza 
bacillus, since the heat stability of riboflavin ademne-dinueleotide, riboflavin 
phosphate, and thiamin pyrophosphate, unlike coenzyme, would insure a 
certain concentration of these catalysts in the blood-ennched basal medium 
It can only be stated that if these factors are active in promoting the growth of 
H influenzae they are present in excess in the basal medium, since added 
amounts produced no detectable stimulus to growth or metabolic activity over 
that observed in control cultures 


DISCUSSION 

In the foregoing studies we have attempted to define more carefully the 
conditions under which the growth and consequent metabolic activity of B 
influenzae may be correlated with the total coenzyme, or V-factor, content of 
the medium It is obvious that unless all specific requirements for the growth 
of the influenza bacillus are fully met, a quantitative relationship between 
metabolic activity and coenzyme content of the medium cannot be expected 
Moreover, it is essential that substances not specifically required for growth, 
but which influence its extent, must likewise be supplied in excess, otherwise 
they may have a marked stimulating effect on the degree 'of grow th when added 
with materials which are being tested for coenzyme activity 

The difficulties previously encountered in the measurement of the growth of 
B mfluenzae have been overcome by a technique which substitutes for the 
measurement of turbidity the quantitative determination of the nitrite pro- 
duced by these organisms in a medium to which nitrate has been added The 
production of nitrite has been shown to be a consistent measure of the metabolic 
activity- of the influenza bacillus, and, when other requirements of the organism 
are met m excess, bears a consistent relationship to the concentration of coen- 
zyme m the medium In these studies the nitrate reduction technique has 
been used in an attempt to define the optimum growth requirements of B 
influenzae, which, in turn, are to form the basis of further studies on the nutri- 
tion and metabolism of this organism 

When optimum amounts of hetnra and coenzyme arc present, additional 
requirements and growth-modifying factors appear to be supplied m excess 
when 0.5 pier cent blood is added to a proteose-peptone medium This is 
shown by the fact that no appreciable alteration in grow th or metabolic activity 
of E irfluenzae can be demonstrated when an increased concentration of 
various factors which are known to enhance bacterial growth are added to a 
blood-ennched proteose-peptone medium It is essential in those instances in 
which hemm is added as the mam source of X-factor that the hemm be auto- 
claved separatelv, otherwise sufficient destruction may result to render the 
medium deficient m this substance 
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From these studies it appears that extensive information concerning factors 
affecting the growth and metabolism of a test organism most be had before it 
may be used accurately as a specific biological reagent for microbiological 
assay Not onl> is it essential to know the specific factors required for growth 
of the organism and the optimum concentration of these factors, but rnfonna 
tion must likewise be had concerning those substances which, although not 
essential for the organism, may, nevertheless, affect the extent of its growth. 

CONCLUSIONS 

The metabolic activity of E influenzae can be followed quantitatively by 
measurement of the nitrite produced m a medium containing 0J2 per cent 
potassium or sodium nitrate. 

When X factor, or hemm, and other specific substances required for the 
optimum growth of H mfluentae , are present in excess, the nitrite produced 
by this organism is quantitatively related to the concentration of V-factor, or 
total coenzyme This quantitative relationship has been demonstrated for 
five strains of U influenzae 

It has been shown that various media, which in the past have been used for 
the determination of coenzyme by growth of E influenzae, have in many in 
stances been deficient in X factor and that this substance rather than coenzyme 
has been the specific factor limiting growth 

When 0.5 per cent blood is added to a basal proteose-peptone medium the 
specific requirements for optimum growth and metabolic activity of B in 
fluenzae, other than coenzvme, ore met, and a large number of specific bio- 
catalysts and nutritive substances added to this medium are without effect m 
stimulating further growth 

The foregoing studies ha\e formed the basis for a quantitative method for 
the determination of total coenzyme in blood and tissue. This method is 
being described elsewhere. 
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complicated by the fact that endemic pneumonia, which is a separate entilv , ma\ be 
apparent at any age but particularlv from the 6th month on Rat catarrh per sc 
is probably never fatal, the few observed deaths have been restricted to old rats 
w hich w ere also infected with endemic pneumoma 
The microscopic examination of exudate from the 3 hosts infected either b\ nasal 
instillation or contact regularly shows small spherical or slightly elongated Gratn- 
ncgative particles tentatively called coccobaaiiiform bodies These bodies ha\c 
been isolated in a pure state, propagated in tissue cultures, and established beyond 
a reasonable doubt as the etiological factors of the 3 diseases 

While the present work was in progress it was found that the specific agent of mouse 
catarrh produced a demonstrable reaction m the mouse on extranasal administra- 
tion 60 per cent of 15 mice injected in the foot pad with either exudates or tissue 
culture suspensions showed an arthritic response limited to the injected leg and 
indicated by swelling of the knee jomt, the leg from the joint downward, or the toes 
The incubation penod varied from 7 to 14 days The course of the reaction was also 
variable, occasionally resulting m permanent injury with stiffness of the leg, but 
more often subsiding after several weeks Films of joint fluid regularly showed 
poly nuclear leucocytes but no coccobaaiiiform bodies Colonics of pleuropncumonia- 
hke organisms were not demonstrable through the 10th day on 30 per cent horse 
serum agar plates inoculated with fluid Coccobaaiiiform bodies were recovered 
from one fluid on inoculation in tissue cultures This fluid produced all the features 
of infectious catarrh on nasal instillation in mice but was innocuous on foot pad 
injection, as ivere several other fluids which were injected by this route The ar- 
thritic reaction has alwajs been restricted to the injected leg and has never been 
observ ed in mice infected b> waj of the upper respirator) tract 

A less conspicuous local reaction was also observ ed in rats injected in the foot pad 
with homologous exudates The morbiditv rate in 10 rats was 50 per cent, the 
reaction being limited to a bulbous swelling of the toes or a thickening of the leg from 
the knee joint downward Fluid removed b> aspiration showed polynuclear leuco- 
cytes but no coccobaaiiiform bodies and was stenlc on 30 per cent horse scrum 
agar plates 

Observations were made on the susceptibility of each host, namely, chickens, 
mice, and rats, to the 3 forms of infectious catarrh The respective causal 
agents were introduced directly by nasal instillation and foot pad injection 
of exudate and tissue culture suspensions, and indirectly by contact exposure 

Tie. Insusceptibility of Mice and Rats to Infectious Catarrh of Chickens 

Exudate suspensions infective for chickens failed to produce any detectable 
reaction in mice or rats on nasal instillation or foot pad injection 

The mice used throughout these experiments vaned m weight from 15 to 20 gm , 
the rats were 2 to 3 months old, as w ere also the chickens which were chiefly Rhode 
Island Rcd= The 3 groups of animals v ere remov ed at random from stocl s reared 
at The Rockefeller Institute in Princeton, Vcw Jersev , and known to be free from the 
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particular Infections under consideration 2 lots of exudate aspirated from the nnwl 
passages and sinuses of infected birds (passages 65 to 67} and suspended In saline 
were used m the following tests, 5 of 6 chickens infected by Injection through the 
palatine cleft showed a nasal discharge after 16 to 18 days. In one bird mflamma 
tion of the upper air passages was apparent only at autopsy CoccobariHiform bodies 
were demonstrable microscopically in exudate films from all 6 chickens 10 mice 
and 5 rats were etherized and injected in tra nasally by introducing 8 to, 10 drops of 
the exudate suspensions in the nostrils, 6 mice and 6 rats were injected in one foot 
pad with approximately 0 05 to 0 1 cc, of the same material. All of these animals 
remained normal during an observation penod of 4 to 5 weeks and were normal 
throughout at autopsy 

The Susceptibility of Rais and Chickens to Infectious Catarrh of the Mouse 

The Reaction of the Rat to Exudate Injected Intranasally — Infectious catarrh 
of the mouse was established in rats on the initial nasal instillation of middle 
ear exudate from experimentally infected animals and was maintained by 
passage The morbidity rate in 27 rats used in 4 passages was 70 per cent, the 
incidence of otitis and rhinitis being 62 and 55 per cent, respectively Cocco- 
bacilhform bodies were demonstrable microscopically in all exudates Unlike 
the reaction m mice, however, there was no involvement of the lung, at least 
through the 18th week after nasal instillation, and no mortality Exudate 
from the 4th rat passage on transfer to mice by the nasal route produced the 
customary pneumonia m addition to otitis and rhinitis 

The rats in the first 3 passages were killed and autopaied 4 weeks after injection 
while those in the 4th passage were held under observation for 18 weeks. The in 
oculum in each of the passages was middle ear exudate suspended in saline. Prior 
to autopsy all of the rats were normal save for snuffling, which wa* often observed 
by the 3rd week 4 of the 5 mice injected with exudate from the 4th rat passage died 
2 to 6 months later the lungs being extensively involved at autopsy One mouse was 
killed during the 5th month and also showed an extensive pneumonia m addition to 
otitis and rhinitis. 

The Reaction of the Rat to Exudate Injected tn the Foot Pad — Exudate from 
infected mice was also active on foot pad injection in rats The reaction was 
slight, characterized by swelling of the knee joint or toes of the inoculated leg, 
and the rate low, 33 per cent in 10 a nim a ls 

The arthritic reaction was first observed dunng the 3rd week after foot pad injec 
tion. In one rat it was limited to the knee joint and m 2 animals to a single toe At 
autopsy a «m*Tl amount of fluid containing polynuclear leucocytes was removed from 
the affected areas on mason. There was no involvement of the respiratory tract 
or middle ears in any of the rats. 

The Reaction of the Rat to Tissue Cultures of the CoccobacUhform Bodies — 
A tissue culture of the mouse catarrh agent isolated from the middle ear of an 
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infected animal beha\ ed essentially the same in rats as did exudate The ob- 
servations on the activity of this culture m rats and m mice are summarized 
m Table I 

The inoculum used in the abo\ e tests was prepared from the 6th transfer of a 72 
hour tissue culture of the coccobacilhform bodies, the tissue being ground and sus- 
pended in 2 0 cc. of the supernatant 

The rats and mice in the nasal senes show ed snuffling and chattering, respectiv elv , 
during the 3rd week after injection and were killed for examination at the end of the 
4th week 

The foot pad injection produced an inflammatory reaction in 2 of the 5 rats, 
limited in one animal to the knee jomt and m the other to a single toe In the 
second of these rats there was a definite unilateral otitis Exudate films 

TABLE I 


Behavior of the Coccobactltiform Bodies of ifotisc Catarrh in Rats ard Mice 


Animal injected 



Cases of 

Pneumonia 

| Otitis 

Rhinitis 

Arthritis 

■ B 

5 

Nasal 

o 


4 

0 

B 

5 

<« 

5 


4 

0 

B 

5 

Foot pad 

0 

fl • 

o 

2 

BBI 

5 

(I it 

0 

BB 

0 

5 


* PresumabU a sporadic case unrelated to the route of injection 


showed numerous polynuclear leucocytes but no coccobacilliform bodies A 
non-hemolytic streptococcus was isolated m pure culture from an inoculated 
blood agar plate It is probable that the middle ear involvement in this rat 
w as representatn c of the sporadic type of otitis which is occasionally encoun- 
tered m our rat colon} 

All of the 5 mice injected in the foot pad showed an arthritic reaction limited 
to the knee joint, apparent after 9 to 15 days On incision fluid containing 
leucocvtes was removed, a pure tissue culture of the coccobacilliform bodies 
being isolated from one specimen The respirator} tract and middle ears w ere 
normal in all of the animals 

The Reaction of the Rat on Exposure to Infected Rats and Mice — Limited 
observations on the communicability of mouse catarrh indicated that it was 
transmissible b} direct contact from infected to normal rats and from infected 
mice to rats The morbidit} rate of 10 rats thus exposed was 50 per cent, the 
5 infected animals show mg no involvement of the lung Coccobacilliform 
bodies were demonstrable in middle ear exudate which on nasal instillation in 
mice again produced a pneumonia 
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In the rat to rat contact experiments 5 normal animals were placed In the same 
cage with one rat previously infected by the nasal injection of mouse exudate, and 
exposed for 13 weeks. At autopsy 4 of the 6 rats, including the originally infected 
one showed rhinitis and otitis, the specific agent being demonstrable in all exudate 
films. The lungs were uniformly normal Middle ear exudate from 2 of the rats 
infected by contact was injected mtranasally in 5 mice. Chattering was first noted 
during the 3rd week and at autopsy during the 6th wed: all of the mice showed pneu 
raorua rhinitis, and otitis. 

In the mouse to rat contact experiment 5 normal rats were placed in the same cage 
with 4 mice infected earlier no the nasal route. One mouse died 2 weeks later, 2 were 
killed after 5 weeks, and the 4th after 8 weeks, at which time the rats were also killed 
3 of the mice were autopsied with the usual findings. 3 of the rats were normal at 
autops>, while 2 showed a unilateral otitis with a protrudent tympanic membrane, 
Coccobadihform bodies were present in films. The nasal passages and lungs of these 
2 rats were normal. 

The Reaction of the Chicken to Exudate Injected into the Nasal Passages — 
Chickens were injected only with exudate from infected mice, the inoculum 
being introduced by way of the palatme cleft The specific agent failed to 
estabbsh itself on the mucous surfaces of the upper air passages In 6 birds 
held under observation for 4 to 5 weeks there was no discharge through the 
nares during life, and at autopsy the respiratory tract and communicating 
sinuses were normal Coccobacilliform bodies were not demonstrable micro- 
scopically in nasal washings 

The chickens m this experiment were injected in 2 groups of 3 with exudate from 
the middle ears of 7 infected mice. Dunng the penod of observation they were 
kept in single cages and examined daily The exudate suspensions used in these 
tests were likewise injected in mice and produced the characteristic manifestations of 
infectious catarrh. 

The Susceptibility of Mice and Chickens to Infectious Catarrh of the Rat 

The Reaction of the Mouse to Exudate Injected Intranasally —Infectious 
catarrh of the rat was transmitted to mice by the nasal instillation of middle 
ear exudate and maintained by passage The morbidity rate in 10 mice which 
received exudate directly from infected rats was 100 per cent, all of the animals 
showing both otitis and rhinitis at autopsy and 8 of them pneumonia These 
mice were killed 4 to 5 weeks after injection. In 2 successive passages 22 
additional mice were used and the penod of observation was extended. 20 
of these mice (90 per cent) died at intervals ranging from 1 1 to 206 days Coc 
cobadllifonn bodies were demonstrable microscopically in all exudates from 
the middle ears and nasal passages 

Two groups of 5 mice were used in the first transmission experiment and were in 
jected with exudate removed from rats of the 40th and 41st passage senes, respec 
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tively Chattering was first obsmed 19 da>s later The 2 mouse passages were 
made with exudate from a single animal of the preceding transfer 2 of these mice 
were hilled during the 1st and 6th months after injection, the lungs, middle ears, and 
nasal passages being involved Most of the mice that died were sufficiently well 
presen ed to be examined and showed an ad\ anced pneumonia at autopsv 

The Reaction of the Mouse to Exudate Injected in the Fool Pad — Exudate 
from infected rats produced a local inflammation in 7 of 15 mice (46 per cent) 
following injection m the foot pad None of the mice infected by this route 
showed any involvement of the respiratory tract or middle ears 

The mice in this experiment were injected m 3 groups of 5 with saline suspensions 
of middle ear exudate from infected rats of the 38th, 40th, and 41st passages, respec- 
tive^ The incubation penod of the arthntic reaction was 13 to 19 days It was 
characterized bv edema which spread along the leg from the knee joint downward in 
3 mice, also m\ olving the toes in one mouse, and limited to the joint in 4 animals 
3 of the mice were killed shortly after the appearance of symptoms and fluid contain- 
ing leucocy tes was removed from the affected joint 

The Reaction of the Mouse to Tissue Cultures of the Coccohacilhfonn Bodies — 
The coccobacilhform bodies of rat catarrh grown in tissue culture were also 
established in mice on initial nasal instillation and maintained for 6 successive 
transfers The morbidity rate in the first 3 passages was 86 per cent, which 
compares favorably with the rate following the injection of exudate The 
reaction was noticeably less extensive, however, being limited largely to the 
middle ears None of the 15 mice showed any involvement of the lung at 
autopsy and in only 4 (26 per cent) was there any involvement of the nasal 
passages A unilateral or bilateral otitis was regularly’ observed in the 13 
infected animals Pneumonia was first noted in mice of the 4th passage and 
continued through the 6th, when the senes was discontinued, the incidence in 
the 15 mice being 62 per cent The specific agent was observed microscopically 
in all exudate films 

\ single experiment was earned out on the behavior of the rat catarrh agent in 
pure culture following foot pad injection m mice. After incubation penods of 18 and 
21 davs, respectively , 2 of 5 mice showed an arthntic reaction which was res (nc ted 
to the knee joint. 

The culture of the rat catarrh agent used in these expenments was isolated from 
tbe middle car exudate of 2 rats in the 40th passage senes The inoculum \ as pre- 
pared from a 4S hour growth of the 10th tissue culture transfer It shoi cd numerous 
coccobacilhform bodies microscopicallv but was otherwise bactenologically stenlc 
The subsequent passages were made with middle ear exudate from one or more mice, 
the interval of transfer varying from 1 to 3 months The rates of otitis and rhinitis 
could onlv be approximated m the mice of the last 3 passages because of extensive 
mutilation after death The otitis rate appeared to be normal and the rhtmtis rate 
low 
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The Reaction of the Mouse on Exposure to Infected Mux and Rats — Rat 
catarrh established in mice by the nasal instillation of exudate was trans- 
missible from them to normal mice by direct contact, the morbidity rate of 15 
mice thus exposed being 100 per cent The mortality rate of 10 mice in this 
senes, which were held for periods longer than a month, was 90 per cent, one 
infected animal surviving for a year The only selected rats available at that 
time for determining the effect of mouse p assa ge on the infectivity of exudate 
for the rat were injected with material from this animal, 4 of the 5 rats show 
ing catarrhal manifestations on subsequent a u tops} 

Limited observations on infected rats also indicated that the disease was 
transmissible from them to exposed mice. Compared with the results of the 
mouse to mouse contact test, the morbidity and mortality' rates for 8 mice 
were considerably reduced, bemg 60 and 20 per cent, respectively Cocco- 
bacilhform bodies were regular]}' observed m exudate films from the infected 
mice of both contact groups. 

In the first contact experiment 5 normal mice were placed In the same cage with 
one infected mouse and killed after an interval of approximately a month At au 
topsy each of the 5 mice showed a bilateral or unilateral otitis, 2 rhinitis but none 
of them pneumonia In 2 other experiments the mice were similarly exposed but 
the period of observation was extended. 9 of 10 mice died 3 during the 10th to 13th 
week, and 6 during the 23rd to 43rd week. One moose was alive on the 385th da) 
after exposure and was then killed At autopsy there was on Inflammation of both 
middle ears and the nasal passages, together with an extensive pneumonia Involving 
4 lobes of the lung 5 rats were injected mtranasally with middle ear exudate from 
this mouse and were killed 5 weeks later At autopsy 4 of the rats showed an inflam 
maticm of the nasal passages roccohn til li form bodies being present m films, but not 
of the middle ears. This condition is not uncommon when exudate from an animal 
that has been infected for a long period is used One of the 4 infected rats also showed 
an involvement of one lobe of the lung the specific agent again bemg demonstrable. 
This rat was the only one in the entire senes in which there was any macroscopic 
involvement of the lung One rat in this group was uninfected, all loa bemg normal. 

In the rat to mouse contact test 8 normal mice were placed in the same cage with 
4 previously infected rata and contact was maintained for 14 days. One mouse was 
found dead on the same day that the rats were removed from the cage and showed 
typical catarrhal manifestations at autopsy 4 of the 7 surviving mice, which were 
killed 9 weeks later, were infected while 3 were normal. 

The Reaction of the Cktcken to Exudate Injected IntranasaUy —Irregular 
results were obtained with chickens following the nasal injection of middle ear 
exudate from infected rats There was an indication that the coccobaolliform 
bodies were established in the upper respiratory tract, but them survival was 
brief since they were not demonstrable after the 2nd passage. Owing to the 
lack of normal selected rats for test purposes and for maintenance of the dis- 
ease m the rat, it has not been possible as yet to repeat this experiment. 
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The exudate used in the initial injection, made no the deft palate, was removed 
from 2 rats of the 47th passage senes The chickens in this passage and in the 2 sub- 
sequent ones were kept under quarantine in single cages They show ed no symptoms 
dunng the penod of observation which \ aned from 4 to 5 w ccks In 2 of 3 birds in 
the 1st passage there was an inflammation of the sinuses at autopsy In the 2nd 
passage there was an inflammation of the nasal passages and the trachea in one bird 
CoccobaalMorm bodies together with numerous Icucocj tes were demonstrable m all 
exudates In the 3 birds of the 3rd passage there w as no apparent inv olvement of the 
upper respirator, tract and coccobaalliform bodies were not seen in films of nasal 
washings The exudate used in this passage was also injected intranasally in 5 mice 
At autopsj 4 weeks later the lungs, nasal passages, and middle ears were normal in 
all of these animals 

The Behavior of Three Additional Strains of Rat Catarrh 

Dunng the summer of 1941 the fertihtj of our selected rat colon), which had 
been reasonabl) constant since it was established in 1931, began to dedinc and bi fall 
the population of \oung rats was reduced to a single litter Coincident with this 
decline was a persistent exanthem particularly noticeable about the head With the 
addition of green food, which had been lacking m the diet for a penod of years, breed- 
ing was reestablished and the skin lesion largelj disappeared s For a number of 
months, however, there were no rats available for expenmcntal purposes and accord- 
ingly an attempt was made to locate normal animals from other sources 

Sample rats were obtained from two large commercial colonics and examined on 
the da\ of arrnal or shortl) after 9 of 11 rats from the first dealer and 6 of 6 from 
the second showed unmistakable evidence of infectious catarrh at autopsy These 
animals were supposedl) representative of their respective colonics which suppl) 
large numbers of rats to laboratones throughout the countiy Inspection of the 
colony operated bv the second dealer revealed an appalling amount of snuffling m 
the breeding stock This symptom is indicative of infection but is not stnctl) pathog- 
nomic of rat catarrh A generalized transmission of this and other communicable 
diseases was assured in this colonv b> the practice of periodic rotation of breeders 
Inquiries were also made of two other dealers who operate smaller colonies as to the 
condition of their rats Both admitted that snuffling was noted m their breeding 
stock 

About this time a group of joung rats was brought to us from a colony maintained 
for experimental purposes These animals had been maintained on a balanced diet 
but showed unexplained weight losses At autopsy a diagnosis of infectious catarrh 
was made m 9 of 12 animals 

Infectious catarrh was established in mice following the initial nasal instil- 
lation of middle ear exudate from each of the three groups of rats obtained 
from outside sources The morbidit) rate of 15 mice used in the three tests 
v as 100 per cent The incidence of pneumonia, 40 per cent, was somewhat low 

5 We are indebted to Mr E Raymond Ring for his supervision of the selected rat 
colon dunng this penod 
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in companson to that associated with the local strain of the disease, but none 
of the mice was held longer t h a n 2 months and most of them ware lolled 4 weeks 
after injection, Coccobaalhform bodies were observed in films of exudate 
from all of the mice and also from the rats which supplied the material for 
injection 


discussion 

The results of the preceding tests indicate that the relation between avian 
and rodent infectious catarrh is not sufficiently dose to permit an unrestricted 
intertransmission of the respective coccobadlliform bodies. Homologous 
exudates infective for chickens failed to produce any reaction in mice or rats 
Mouse exudates were also inactive m the chicken, but rat exudates elicited a 
definite though transient response on nasal instillation. Repetition and 
extension of the latter experiments have not been possible as yet because of 
the scarcity of disease-free rats, but are indicated m view of the possible transfer 
of rat catarrh to chickens by wild rats 

A dose relation between the two rodent forms of infectious catarrh is, how 
ever, dearly established Reciprocal transmission of the respective cocco- 
badlkform bodies was demonstrable in both the mouse and the rat by nasal 
instillation, foot pad injection, and direct contact. Actual identity of the two 
diseases is suggested but not confirmed, cross agglutination and protection 
tests indicative of their precise relation not being applicable at present. If 
the anomalous results obtained in the chicken are valid, they are not neces- 
sardy contradictory of identity as they might be referable only to strain differ- 
ences In view of the dose agreement between infectious catarrh of the mouse 
and the rat in respect to lntercommumcability, the issue of identity is of little 
added significance. 

The dissimilarity between the two rodent forms of the disease regarding the 
regular development of pneumonia with high mortality m the mouse and its 
occasional occurrence without death m the rat, is apparently referable to the 
respective animal host and not to actual differences in the coccobadlhfonn 
bodies. Infectious catarrh of the rat on transfer to the mouse was attended 
by a fatal pneumonia, whereas the mouse form rarely provoked pneumonia 
in the rat and never resulted in death It is probable that the different re- 
sponse of the mouse and the rat to the same agent is indicative of differences 
in natural resistan ce, hut there is a possibility that it may be related m some 
way to the endemic pneumonia which occurs so commonly in the rat. 

Fowl coryza is a Hivucc of recognized economic significance m the poultry 
industry The importance of the rat and the mouse m experimental biology is, 
we believe, sufficient justification for also regarding the two forms of rodent 
catarrh as more than merely laboratory curiosities. 

The rat Is not widely used as a laboratory animal in pathology, but is m 
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ph) siologj , particularh in the field of nutrition It is probable that the spread 
of infectious catarrh in the rat is as general as endemic pneumonia and is more 
likeh to be encountered since it affects annuals of all ages, whereas the pneu- 
monia is largely confined to older animals It is also probable that experiments 
m nutrition are often made with naturally infected rats The only symptoms 
of the disease are snuffling, which is not always apparent particularly m the 
late stages of infection, and twisting, which is generally of rare occurrence It 
is a common practice of dealers to sell rats which appear normal, and of ra- 
\ estigators to use them with no actual knowledge of the incidence of infectious 
catarrh, which can be gamed only by periodic autopsy with examination of 
the middle ears The use of abnormal animals engendered by this practice 
introduces a possible source of error which should not be overlooked 
The mouse is extensively used in pathology and frequently for the study of 
respiratory diseases of other animals and man Infectious catarrh is obviously 
a hazard in such work, particularly if successive passages are made In addi- 
tion to acting as contaminants, the coccobacilliform bodies, by altering the 
mucous surfaces of the respiratory tract, might also retard or enhance the 
activity of other agents introduced by nasal instillation As m the rat, the 
external appearance of the mouse is of little aid in diagnosis since symptoms 
maj be lacking in the early dc\ elopment of the disease At present it is likely 
that infectious catarrh is not as widely spread in the mouse as in the rat That 
it ma) become so is suggested by the fact that many dealers who handle rats 
ba\e also established colonies of Swuss mice, thereby introducing the risk of 
transmission by contact 


sraniARi 

Infectious catarrh of chickens (fowl coryza of slow onset) was not trans- 
missible to mice or rats by nasal instillation of the specific coccobacilliform 
bodies Exudates were also mactn e m both rodents on foot pad injection 
The infectious catarrhs of the mouse and the rat were reciprocally trans- 
missible b\ the nasal injection of exudates or tissue cultures of the respective 
coccobacilliform bodies and by direct contact Exudates and cultures also 
produced an arthritic reaction in both hosts on foot pad injection 
The coccobacilliform bodies of mouse catarrh were innocuous m chickens on 
nasal instillation, whereas those of rat catarrh were established locall) but were 
maintained for onh two passages 

In the opposite host each of the two rodent forms of infectious catarrh repro- 
duced the typical features of the natural!} acquired disease, a highly fatal 
pneumonia being characteristic of the mouse but not of the rat 
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Experimental infection of the chick embryo with certain bacteria (1-6) 
and viruses (7-11) has yielded new information on the host parasite relation 
ship of these agents For example, when inoculated on the chorioallantoic 
membrane, vaccinia virus spreads to the embryo and produces a generalized 
pock disease (7) Following intra ammotic injection the virus of human 
influenza causes a destruction of the embryo lungs (8) Swine influenza virus 
does the same following membranal inoculation (9), and rabies virus produces 
extensive destruction of the embryo central nervous system (10) In this 
last, the general pattern of infection simulates that of the natural disease 
many Negri bodies are found in all types of nerve cells, neuronophagia and 
perivascular infiltration are not observed 
The virus of pseudorabies readily infects the chorioallantoic membrane of 
chick embryos and produces pocks which may coalesce to form large ulcers 
(12, 13) Since pseudorabies causes a rapidly destructive encephalitis in a 
wide variety of animals (14, IS), a selective effect on the central nervous 
system of the chick embryo is to be expected- In contrast to the virus of 
herpes which has no apparent neurotropic tendencies m the chirk embryo 
(11), all four of the strains of pseudorabies here studied have a marked neuro- 
tropism 


EXPEHTSIENTAI. 

The following four strains of virus were kindly furnished by Dr R. E. Shope. (1) 
A Hungarian strain sent to Dr Shope by Dr Aujesaky in 1931 (2) The Iowa A 

strain isolated m 1930 by Shope (IS) from cattle with ‘ mad itch ’ Both have since 
been put through over 50 serial rabbit brain passages and are here arbitrarily con 
sidered as “fixed strains. (3) The Iowa B strain isolated by Shope (16) from a 
pooled sample of two cow brains from Johnson County Iowa (4) The swine strain 
isolated by Dr J D Ray (17) from naturally infected pigs in Nebraska The last 
two had had respectively 15 and 5 intracerebral passages. All were again identified 
after chick embryo passage by one or more of the following characteristics ability 
to produce a rapidly fatal (24 hours) encephalitis m the rabbit when Inoculated intra 
cerebrally typical pruritus in rabbits and guinea pigs following subcutaneous mocu 
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embryos and in guinea pip by intracerebral inoculation also failed to show 
any relatixe increase in the tendency to destroy nervous tissue over the 
tendency to produce lesions on the membrane (Table II) 

The fixed strains of pseudorabies are peculiar among chick erabiyo- 
cultivated viruses in that the hemorrhagic tendencies are produced by a virus 
recognizable b\ its intranuclear inclusions It is therefore possible to tell 
•whether the endothelium of the destroyed blood vessels is actually infected 
with virus Brains infected with the fixed strains frequently showed such 
inclusions m the endothelium, while brains of embryos infected with recently 
isolated strains did not 


TABLE H 


Effect of Intracerebral Passage of Icnca B Strain on Neurotropism 


Vlros 

Dilution 

Embryo. Average 
No ot pocks 

Result In guinea pigs 

After 5 membrane passages 

10~’ 

3 2 

2 of 2 killed 



0 4 

2 ** 2 (< 


| 10 -4 

0 

0 “ 2 " 

After 8 intracerebral rabbit 

! 10" 

24 

3“ 3 “ 

passages 

10-» 

4 

2 “ 3 “ 


TABLE m 

Picutralration of Attjescki Strain by Hyperimmune Serum 


Dilation ol vims 

Virus + normal pig serum ' 

Virus -f hyperimmune icram 

10-! 

Large central ulcers with scat- 

0,* 0 , 0 , 0 


tered pocks 


10- 5 

6, 0, 34 

0 , 0 , 0 , 0 


* Figures represent number of pocks on chorioallantoic membrane 2 daj s after inoculation 


In order to identify the virus, neutralization tests were carried out several 
times, and it was possible to produce a consistent decrease in the pock count 
when the virus suspensions were combined with hyperimmune serum 
(Table HI) 

Embrjos which failed to dexelop pocks also failed to show the usual hemor- 
rhagic hj droccphalus 

Chick embn os of \ aryrng ages differ in their reaction to a number of viruses 
(7, 11, 24) Infection b> pseudorabies is no exception to this rule This was 
shown b\ the simultaneous inoculation of 13, 15, and 18 da> embryos on the 
chonoallanto c membrane, and the subcutaneous injection of virus into 2 da> 
chicks (Table IV) A 1 per cent infected chick embrj. o suspension was used 
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Adult chickens are resistant to subcutaneous inoculation of the virus (15) 
This increase of resistance with age may be related to the increase in the 
temperature of chick embryos after the 14th day, for m two experiments, we 
have found that incubation at 40°C of 12 day embryos inoculated with 
pseudornbies produces fewer and more discrete lesions fbnn at 37° It is 
interesting to compare the results of pseudorabies m the 18 day embryo with 
those produced bj rabies virus, as reported by Dawson (10) He finds tha t 
inoculation of chick adapted virus on the membrane fails to produce a lesion 
on the membrane, but will destroy the central nervous syst em. 

Cellular reaction in the brain itself differs markedly with the different ag e 
groups, as shown m Figs 5 to 7 In 12 day embryos (16 day when fixed), 
the nerve tissue is extensively involved and hemorrhage is prominent In 
15 day embryos (20 day when fixed), although many nerve cells are destroyed, 
hemorrhage has ceased, a few leucocytes penetrate the brain tissue In 


TABLE IV 

Effect of At* of Embryo on Type of Lesions 


An 

No laocnkUd 

RMcdon 

J*ji 



13 

6 

Lar^e ulcer* and confluent pock* 

15 

•1 

5 to 10 scattered pock* 

18 

7 

No visible lesion* on membrane subse 



quent enceph*kti* 

2 day chick 

4 

2 developed encephalitis In 6 day* 


contrast to the embryo, there is no hemorrhage m the hatched chick and 
only slight destruction of nerve tissue There is pen vascular polymorpho- 
nuclear and mononuclear infiltration, with neuronophagia. For the first 
time the nerve tissue itself seems to react, for glial nodules are common 

DISCUSSION 

Study of pseudorabies in the chick embryo has emphasized the neurotropic 
qualities of this virus It is a unique infection, m that a reaction occure both 
on the membrane and within the central nervous system. This is analogous 
to the natural disease in which a primary lesion develops at the point of inocu 
lation and the virus subsequently infects the brain Since there is no portal 
of entry to the embiyo proper other than the blood stream, virus spreads to 
the embryo by this route and may be recovered from the embryo blood 
This contrasts with the frequent neural spread of the natural disease, but 
recalls the humoral spread of certain strains (19) m the rabbit 

Some strains of influenza virus may simulate this disease pattern, but only 
after prolonged cultivation on the membrane (25, 26) Small pock like lesions 
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de\c!op on the membrane, and the influenza \irus subsequently spreads to 
the embryo and produces a hemorrhagic destruction m the brain This 
acquired neurotropism is confirmed by the ability of the virus to multiply 
m the brains of mice (26) 


SUAQIARY 

The chick embryo responds to experimental infection with the virus of 
pscudorabies with a disease pattern simulating the natural infection Virus 
lesions of the membrane are follow ed by infection of all tissues of the central 
nervous s> stem 

Fixed strains produce a hemorrhagic destruction of the central nervous 
sj stem of the embryo, v, hich is referable to destruction of blood vessel endo- 
thelium Field strains lack the hemorrhagic tendency, but infect the brain 
when inoculated on the membrane 

Neutralization of the virus by specific hyperimmune serum can be demon- 
strated bj inoculation on the membrane 

The reaction of the embryo to the virus varies with the age of the embryo 
This is reflected both in the membranal lesion and in the subsequent 
encephalitis 
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EXPLANATION OF PLATES 

Sections stained with hematoxy lrn and eosin 

These photographs were made by Mr Juhan A Carhle 

Plate IS 

Fig 1 Normal 16 day chick embryo on left Embryo on nght shows hemor- 
rhagic bulging of cranium as a result of infection by Aujeszkv strain of virus Slightly 
enlarged 

Fig 2 Neuntis in embryo infected with Aujeszkv strain Darkly staining cells 
are polymorphonuclears X 304 

Fig 3 Spinal cord of same chick showing destruction of nerve tissue X 1 1 1 

Fig 4 Meningitis in 16 day embryo following mcmbranal inoculation X 100 











Plate 16 

Fig 5 Destruction and hemorrhage in 12 da> embryo following mcmbranal 
inoculation If the infection had been allowed to develop, almost all nerve cells 
w ould hav e been desttov ed X 100 

Fig 6 Destruction of nerve cells in 15 da> embno following mcmbranal inocula- 
tion Note lack of hemorrhage and rclatn c immunitj of nerv c cells at right X 100 

Tig 7 Reaction in newl\ hatched chick following subcutaneous inoculation 
Fewer cells are destrov ed X 100 
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Previous to the bactenologic era in the study of dysentery, this disease was looked 
upon as a systemic affection of which the colonic symptoms were considered a local 
manifestation. This was the view of Sydenham (1) as well as of Conradi (2) who 
actually conceived the colonic manifestations as being the result of the systemic 
disturbances. With the advent of the bactenologic era the investigation of this 
disease was turned over to the laboratory and there followed a penod of brilliant 
work in which the causative organisms were discovered. During this penod how 
ever dysentery came to be viewed as a local disease, the result of the action of the 
causative organisms or them toxins upon the intestinal walL The dinlcal phe- 
nomena of the disease were ignored except in so far as they were interpreted as the 
consequences of the colonic lesion. However, it soon became clea r that this view 
point was too narrow Thus, the pathologist realised that while the intestinal changes 
m epidemic dysentery represented a diphtheritic process, not every diphtheritic 
intestinal lesion was a case of dysentery The clinician reentered the picture and 
pointed out that the clinical phenomena indicated the presence of a penod of toxemia 
which preceded the onset of Intestinal symptoms by several days and frequently 
persisted for some tune thereafter 

The intestinal lesion in badUary dysentery is a diphtheritic, ulcerative lesion 
at least m the advanced stage In which it is customary to observe It at autopsy 
This characterisation, however, is not in itself diagnostic of the disease. As we 
have shown elsewhere (3, 4), such lesions may occur as a result of the homeostatic 
responses called into play by vinous types of stimuli which may produce a shock like 
state. These anatomical changes, therefore, are not specific as to etiology 

In studying the various stages of evolution of these lesions, we were impressed by 
the observation that the earliest anatomical changes in the intestine were noted m 
the submucosa (3) We were able to trace the successive events leading to neaosis 
of the epithelial lining of the Intestine and finally to pseudomembrane formation 
and ulceration An attempt to stimulate the vasomotor responses by means of 
adrenalin injections (5) enabled us to reproduce the entire series of events leading 
to the production of the typical lesion. In these experiments we noted that the 
first anatomical changes occurred In the submucosa m the rabbit and guinea pig 
In the former there was also a distinct predilection for the lesion to occur in the 
cecum. This preferential involvement of the cecum In the rabbit has been noted to 
occur following the injection of dysentery toxins (6-8) Even more striking, how 
ever is the fact that the initial c h anges observed in Shiga intoxication occur in the 
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submucosa (6-8) We felt that these phenomena might indicate a common patho- 
genetic mechanism 

Biochemical studies of the effects of toxins upon the organism first began when 
Hibbard and Momssey (9) noted glycosuria m patients with diphtheria Numerous 
in\ cstigators using a variety of procedures have adduced a great mass of evidence 
indicating that there is an increased tone in the sympathetic nervous system during 
bacterial intoxication (10-17) The use of several types of bactena m these in- 
i’ estigations indicates the lack of specificity in the physiological responses Thus, a 
diabetic glucose tolerance curse has been noted m diphtheria This can be pre- 
sented by the use of ergotaimne tartrate (11) Others have been able to prevent 
the hyperglycemia by means of double splanchnotomy (12), or unilateral adrenalec- 
tomy and denervation of the opposite suprarenal gland (14) Finally , an increase in 
output of adrenalin from the suprarenals has been observed dunng toxemia resulting 
from cither diphtheria toxin (16) or Shiga toxin (17) 

We ha\e been particularly interested in the effect upon the organism of 
the toxin of Bacillus sliigae Despite the emphasis placed by the biochemist 
upon alterations in carbohydrate metabolism m diphtheritic intoxication, 
clinical diphtheria is much more characterized by vasomotor than by meta- 
bolic changes For this reason ae decided to investigate some physical 
characteristics of the blood m acute Shiga intoxication We were led to do 
this because we have been able to find only one report (Yannet and Darrow) 
(18) of similar studies in diphtheritic intoxication Therefore, we have 
studied the effect m dogs and rabbits of the injection of the toxin of B sliigae 
upon the hematocrit findings, specific gravity of the blood, hemoglobin, red 
blood cell count, white blood cell count, and differential cell count We 
have attempted to correlate the time of appearance of changes m these find- 
ings with the time of development of the anatomical lesions 

M etliods 

The toxm was prepared from a smooth strain of B sliigae according to the “slow 
method” of Olitsky and Kligler (19) No systematic effort was made to standardize 
this toxin Its potenev , howev er, was such that 0 25 cc. per kg intravenously, 
killed a rabbit within 4S hours 

Hematocrit readings were made by the method of Wintrobe (20) The specific 
gravity both of whole blood and of the plasma was determined by the falling drop 
method as devised by Barbour and Hamilton (21) The hematologic studies were 
performed with standard pipettes and chambers, the hemoglobin by the Sahli method, 
the smears stained with Jenner-Gicmsa 

Observations were made on ten dogs and four rabbits No anesthesia was used 
In addition, anatomical studies were made on S cats In the earlier experiments a 
control period of from 3 to 10 days was used, during which we studied the normal 
variations in the hematologic values These proved to be so small in comparison 
with the changes resulting from the injection of the toxin that this control period was 
subsequentlv omitted The various determinations were made m duplicate 
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On the day of experiment, following an 18 hour fast, a control senes of observa 
tions were made. Immediately following this, the toxin was injected intravenously 
The dogs received 0.5 cc. per kg , while the rabbits were given 0.25 cc. per kg , and 
the cats 1 0 cc. to 6.0 cc. per kg At intervals of 15 to 30 minute* specimens of blood 
were withdrawn from the saphenous vein in the dog and the ear vein m the rabbit 
An attempt was made to avoid the use of a tourniquet but after the first couple of 
specimens were obtained, venous fi ll in g was frequently so poor that a tourniquet was 
necessary However, the specimens rarely took more than 1 minute to withdraw 
so that the factor of stasis is not important. As an anticoagulant we used an aqueous 
solution of 6 per cent ammonium oxalate and 4 per cent potassium oxalate. 0.2 cc. 
of this solution was used to 1 8 cc. of blood. The blood so obtained was employed 
in all our determinations. This anticoagulant solution caused no shrinkage or 
swelling of the red blood cells. The specific gravity of the plasma was determined 
on the supernatant fluid from the centrifuged hematocrit specimen. These deter 
ruinations were made immediately upon withdrawal of the blood 

In addition, observations were made on the reactions of the animals to the injec 
Don of the toxin. In an attempt to correlate the physiologic changes with the time 
of appearance of the anatomical lesions, we sacrificed the animals at varying periods 
after the injection of the toxin As a control study we injected a sterile broth culture 
medium which had been incubated and treated in the same fashion as our cultures 
of B shigae. In addition we also used Shiga toxin inactivated by heat as suggested 
by Olitsky and Kligler (19) The dosage was five times that used for the tonn 
We may add that such material caused no changes in blood composition and no 
anatomical changes were found in the intestinal tract upon sacrificing the animals. 
They were killed by the intravenous injection of air, chloroform, or 20 per cent 
formalin This was done m order to eliminate in so far as possible the influence of 
the method of sacrificing the animal upon the anatomical changes The organs 
were immediately removed and fixed in 20 per cent formalin. 

In view of the demonstration by physiologic methods of a sympathomimetic 
reaction (10-17) resulting from the action of bactenal toxins we felt that a direct 
demonstration of its vasoconstrictor component would be desirable. We attempted 
to demonstrate this by means of the injection of India ink. We administered Shiga 
toxin to a group of five rabbits m a dose of 0 5 cc. to 1 0 cc. per kg. of body weight 
After a time interval of from 3/4 hours to 4 hour we injected 10 cc. of India ink 
(Hfggin s American drawing ink, soluble, black) into the left ventnde, followed in 

I minute by an intravenous injection of 1 cc. of 40 per cent formalin. Control 
rabbits were similarly injected with India ink only and sacrificed in the same manner 

We found that this method while satisfactory for rabbits, was not suitable for 
the demonstration of vasomotor reactions in the dog’s intestine due to the thickness 
of the latter which rendered transHiurnination impossible. For this reason we 
employed the following method Three dogs were given Shiga toxin Intravenously 
m a dose of 1 cc. per kg body weight They were sacrificed at Intervals of from 7 to 

II minutes by the intravenous injection of 10 cc, of 40 per cent formalin. Paired 
controls were simultaneously sacrificed The digestive tracts of the controls and of 
the dogs receiving the Shiga toxin were rapidly removed, washed thorough!) with 
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running water, and opened The mucosa on the inner surface was carefully nnscd 
off and the bowel immersed in a saturated solution of benzidine (500 cc.), aadtfied 
with glaaal acetic acid (10 cc.) and containing a small amount of hydrogen peroxide 
(20 cc.) The intestinal loops were then washed off in running water The benzi- 
dine solution produced the usual deep blue color on contact with the red blood cells 
in the mucosal layer of the bowel wall 

In order to study the direct action of Shiga toxin upon the intestinat mucosa, we 
established tvpical Thin Vella loops in three dogs, located m mid-jejunum This 
segment of the intestine was chosen because it had practically never been invok ed 
in the dogs to which the toxin had been administered intmv cnously After complete 
recovery, 35 to 50 cc. of the toxin were introduced into the loop at approximately 8 
hour intervals, for a period of 24 hours The animals were sacrificed as above, 8 
to 12 hours after the administration of the last dose of toxin 

RESULTS 

Course of the Intoxication — Our most detailed observations were made on 
the dogs These animals were selected for their liveliness and frisky disposi- 
tions For the first 15 or 20 minutes following an injection of toxin there was 
usually no evidence of any change in their behavior Shortly after this, 
however, they developed periodically recurring episodes of tachypnea during 
which their tongues w ould protrude and then- pupils dilate This continued 
for perhaps 30 to 45 minutes during winch the animals were content to lie 
quietly, except for the periods of tachypnea when they would rise to pace 
restlessly At this tune the dogs would begm to retch and salivate and not 
infrequently vomit small amounts of mucoid fluid As this continued and 
increased in degree some of the animals showed some blood streaking m the 
vomitus Shortly thereafter we not infrequently noted the passage of a 
normal formed bowel movement This, however, was soon follow-ed by the 
appearance of a marked diarrhea At first the rectal discharges consisted 
of a mucoid fluid, w hich, however, was soon followed by blood streaking and 
eventually by a bloody stool During this period the animals appeared 
weak. They could not be induced to take food or fluids This state persisted 
for about IS hours following which they' gradually returned to their normal 
behavior There was no significant rise in temperature during the 24 hours 
following the injection of the toxin The pulse rate increased markedly dur- 
ing the earlier phases of the experiment and not infrequently reached levels 
of 150 to 160 per minute 

Eerratohgic Observations — As can be seen from Table I, and Text-fig 1 
which are representative of our data, there was a rapid and parallel rise in 
the hemoglobin, red blood cell count, hematocrit reading, and specific gravity 
of the whole blood These indices of blood concentration and diminution 
of blood volume began within 15 to 30 minutes following the injection of the 
toxin They persisted for a period of 24 hours after the injection They 
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could be elicited again at this time by reinjection of toxin but the response 
was not as marked as on the first injection The specific gravity of the plasma 
showed no significant alterations throughout the experiments This would 
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exclude vomiting and diarrhea as the cause of the blood concentration. These 
observations confirm those of Yannet and D arrow (18) m diphtheritic 
intoxication. 

Anatomical Observations — Despite the early appearance of evidences of 
hemoconcentration and of diminution of blood volume no anatomical changes 
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appeared thickened Hemorrhage bj diapedesis then appeared m the mucosa 
and at this stage the epithelial cells began to undergo focal necrosis, followed 
by the formation of erosions 

In the experiments designed to test the direct action of the toxin, the mucosa 
of the Thir} -Vella loops in direct contact with the toxin show ed no significant 
gross changes The remainder of the gastrointestinal tract was careful!}' 
dissected and changes were noted m the duodenum, -beginning at the pylorus 
and extending into the most proximal jejunum These consisted of var>ing 
degrees of congestion which in its extreme form was hemorrhagic (Fig 7) 
Very much milder changes were noted in the pretermmal ileum, extending 
to within 10 to 15 cm of the ileocecal valve In general, the intensity of the 
changes was somewhat less than that observed following the intravenous 
injection of the toxin In one of three dogs, the proximal portion of the 
Thny -Vella loop showed a mild congestion This loop was found at necropsy 
to ha\e been made in the upper jejunum, which showed a similar mild con- 
gestion, extending to the entero-anastomosis which reestablished the con- 
tinuit} of the gut Microscopically, we were able to discern the entire 
sequence of events typical of the histological changes resulting from the 
intravenous injection of Shiga toxin However, in agreement with the gross 
observations, we did not achieve ulceration or pseudomembrane formation 

DISCUSSION 

We have demonstrated a very rapid occurrence of hemoconcentration 
follow mg the intravenous administration of Shiga toxin As lias been pointed 
out by Bogert, Underhill, and Mendel (24), as well as by Larason and Roca 
(25), and b> Darrow, Yannet, and Car} (26), one may use the hemoglobin 
concentration as an indicator of relative changes in blood volume under 
conditions such as obtained in our experiments This being the case, the 
above data indicate a marked diminution m blood volume associated with an 
increase m blood concentration This, taken m conjunction with an un- 
altered specific gravity of the plasma, indicates that the diminution in blood 
volume is due to a loss of plasma as such from the actively circulating blood 
That the blood concentration is not due to vomiting or diarrhea is shown b} 
the fact that it frequently occurs before these take place In addition, the 
unaltered specific gravnt} of the plasma indicates that the fluid which has 
left the blood stream has a composition identical with that of plasma We 
are as v et unable to state w hether the plasma which is lost has left the activ el> 
circulating blood stream and is located in the tissues or is to be found in 
capillaries in which physical slowing of the current has resulted in an excessive 
amount of plasma in proportion to cells, as described b> Cohnheim (27) 

The relativ e changes in blood volume calculated on the basis of hemoglobin 
change would indicate in some of our experiments a diminution of blood 
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volume m excess of 30 per cent. Some idea as to the change m blood vis- 
cosity may be obtained from the fact that m dog 3-70 the hemoglobin rose to 
129 per cent, associated with a rise m hematocrit to 57 per cent. 

It is interesting to note that evidence of diminished blood volume which 
we observed occurs at a time when others have noted the presence of a hyper 
glycerma which has so frequently been found m states of intoxication (12, 14) 
As we have mentioned above, the preponderance of evidence indicates that 
the initial hyperglycemia at least is dependent for its appearance upon intact 
suprarenal glands under nervous control (12) The fact that denervation 
of the suprarenal gland prevents such a hyperglycemia is strong evidence m 
favor of this concept (12) This is also supported by the observation that 
ergotamme tartrate serves to prevent the hyperglycemia not only in the dog 
and rabbit but also in man (11) 

Furthermore, as Hoshi (17) has shown by direct estimation of the adrenalin 
content of the suprarenal veins, injection of dysentery toxin leads to an in- 
creased secretion of adrenalin which begins about 30 minutes after injection, 
reaches its maximum m 2 to 4 hours, and then gradually decreases He also 
was able to show that the hyperglycemia which resulted, appeared sunul 
taneously with the m crease in adrenalin output and ran parallel to it The 
tune of onset of the hyperglycemia as well as the increase in blood concen 
tration coincides with that at which we noted evidence of vasoconstriction 
by the India ink and benzidine methods. The areas in which the vasocon 
strictxm was noted in the rabbit and dog are identical with those in which 
gross and microscopic lesions appeared in experiments of longer duration 
These areas are the same as those in which we were able to produce intestinal 
lesions by the intrapentoneal injection of adrenalin In the cat both 
adrenalin and Shiga toxin caused a lesion with a predominant localization m 
the colon In the dog both resulted in a lesion located rdainly in the duo- 
denum and in the preterminal ileum. In the rabbit both substances acted 
to cause anatomical changes in the cecum This similarity m gross localiza 
tion is even more striking when we compare the pathogenetic process as 
revealed microscopically In the cat and dog, both adrenalin and Shiga 
toxin produce a lesion which makes its appearance first in the villi It begins 
with evidences of ischemia followed by congestion which is m turn succeeded 
by a subepithelial edema, leading eventually to pseudomembrane formation 
In the rabbit, on the other hand, both adrenalin and Shiga toxin cause changes 
which first manifest themselves by focal ischemia followed by submucosal 
congestion of the cecum. This in turn is followed by focal submucosal edema, 
which is only later seen to involve the mucosa and lead to hemorrhage and 
ulceration 

Because of the focal nature of the lesions and the difference m pathogenesis 
as observed in the dog and rabbit, we were led (5) m the case of the lesions 
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resulting from the injection of adrenalin to interpret the sequence of events 
in the light of the differences m vascular arrangement in the intestine between 
the dog and rabbit as noted bv Spanner (2S) We suggested that a •vaso- 
constriction in\ olving the other termmal arterioles than the ones participating 
in the arteriovenous anastomosis, would serve to cause a deprivation of blood 
supplv to the submucosa m the case of the rabbit A similar sequence of 
events in the cat and dog leads to an ischemia involving the mucosa The 
identitv m the sequence of events here described resulting from the injection 
of Shiga toxin with those caused by adrenalin compels us to view the lesions 
caused b) the administration of Shiga toxin as being vascular m origin 

The experiments m which the intestinal mucosa was brought into direct 
contact vv ith the toxin indicates that the latter does not act directly upon the 
mucosa This is supported b) the observations of Doerr (6) and Flexner 
and Sweet (7) who described the earliest changes resulting from the 
intravenous injection of Shiga toxin as appearing m the submucosa of the 
rabbit This is also what happens m bacillar) d) sentery in man as shown b> 
Heubner (29), Lohlein (30), and Castellanos (31) Furthermore, in the cat 
and dog in w hich the mucosal layer is primarily affected, the earliest changes 
arc seen not m the epithelial cells but in the stroma beneath them, as we have 
described above In addition, Barg (32) using the method of tissue culture 
reported that the concentration of Shiga toxin necessary to inhibit growth 
and kill explants of intestinal mucosa was extremely high He noted that 
ev en this reaction was not specific in that it occurred after heating and dcstro> - 
ing the potenc) of the toxin 

In our original studies of the diphtheritic ulcerative lesions observed at 
necropsy m a vanet) of clinical conditions (3, 4), we were impressed by the 
fact that these lesions occurred m patients who had succumbed after a period 
of shock The anatomical features of these lesions compelled us to consider 
them to be vascular in origin The absence of any organic vascular lesion 
led us to the view that an intense vasospasm resulted in an ischemic necrosis 
of the tissues The cause of such a vasospasm was obviously not local, since 
we were able to observe lesions throughout the entire digestive tract as well 
as in the liver and kidneys The concept introduced by Cannon of a com- 
pensator) vasoconstriction serving to adjust the capacit) of the vascular bed 
to the diminished blood volume caused bv a shocking stimulus (33), offered 
an explanation for the anatomical lesions As Cannon has shown, this com- 
pensator) vasoconstriction is dependent upon intact suprarenal glands and 
sympathetic nervous system Stimulation of the sympathetic vasomotor 
reactions bv means of the mtrapentoneal injection of adrenalin enabled us to 
reproduce the entire sequence of events leading to intestinal lesions such as 
we had observed in our clinical material We have demonstrated above that 
Shiga toxin causes bemoconcentration and a diminution w blood volume 
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These phenomena occur simultaneously with anatomic evidences of focal 
vasoconstriction In areas which subsequent!) develop typical diphtheritic 
ulcerative changes. Thi3 sequence of events is typical of the vasomotor 
homeostasis described by Cannon. The participation of the sympathico- 
suprarenal system m this process 13 shown by the fact that the toxin also 
causes a hyperglycemia which runs parallel with the discharge of adrenalin 
from the suprare n a l glands (17) We therefore interpret the lesions caused 
by the toxin of B shigae as being the result of a homeostatic vasoconstriction, 
mediated through the sympathico-suprarenal system 

CONCLUSIONS 

The intravenous injection of Shiga toxrn into dogs causes a rise in hemo- 
globin, red blood cell count, hematocrit reading, and specific gravity of the 
whole blood There is thus a decrease m circulating blood volume The 
specific gravity of the blood plasma does not change. These findi ng s indicate 
that the toxin of B shxgae produces a shock like circulatory state As a result 
there occurs a compensatory vasoconstriction m the duodenum of the dog 
and in the cecum of the rabbit. It has been shown that the toxin of B sJngac 
has no direct effect upon the intestinal mucosa when brought into contact 
therewith, but that its absorption through the mucosa leads to the appearance 
of a lesion in the duodenum of the dog Therefore we interpret the patho- 
logical alterations in the intestinal tract, following the injection of Shiga 
toxin, as the anatomic end result of a pronounced and prolonged homeo- 
static vasoconstriction. 
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EXPLANATION OF PLATES 
Plate 17 

Fig 1 Cecums of rabbits which had received 10 cc. of India ink into the left 
ventricle and were sacrificed 1 minute later a, cecum of the control rabbit (No 
7-91), b, cecum of the rabbit (No 8-14) which received Shiga toxin, 1 cc per kg 1 
hour before the India ink injection 0 8 natural size 

Fig 2 Cecum of rabbit (No 8-16) which received 0 5 cc per kg Shiga toxin 
intravenousl> followed m 2 hours bj 10 cc of India ink into the left ventricle and 
sacrificed 1 minute later Note the focal areas in the folds, devoid of ink, some of 
which hav e fused into larger areas X 1 2 

Fig 3 Dog stomachs and duodenums stained with benzidine a, from a normal 
control dog (No 1-16), b, from a dog (No 1-13) which received Shiga toxin, 1 cc 
per kg intrav enouslv , 7 minutes before being sacrificed X 04 

Fig 4 Dog (No 4-78) Gross appearance of a duodenal lesion resulting from 
the intravenous injection of Shiga toxin Note its sharp upper limit at the pjlorus 
Killed 6 hours after the injection 




Plate 18 

Fig 5 Dog (No 4-78) High power view of duodenal villi, shoeing a separation 
of the epithelium from the underlying stroma, caused b\ an accumulation of plasma 
and blood cells Hematoxylin and cosin X 212 

Fig 6 Dog (No 4-78) Duodenum showing membranous cntentis with normal 
\ llli adjacent to a focalh in\ oh ed villus which is enmeshed in the membrane Hcma- 
toxxhn and co^in X 72 

Fig 7 Dog (No 4-66) Stomach and duodenum, and Thirj Vella loop The 
latter, seen below, is unaffected bj the Shiga toxin which had been introduced into it, 
whereas the former presents a lesion indistinguishable from that caused bj the 
intra\cnous administration of the toxin 








HEMOGLOBIN PRODUCTION FACTORS IN THE HUMAN LIVER 

ANE1IIAS, HYPOPROTEINEinA, CIRRHOSIS, PlOMENT ABNORMALITIES, AND 
Pregancy 

By G H. WHIPPLE, MJ), and F S ROBSCHEIT ROBBINS PhD 

(From the Department of Pathology The University of Rochester School of Medicine and 
Dentistry Rochester, New York ) 

(Received for publication, June 8 1942) 

The most significant observations in the tables below relate to hypopro- 
ieinemta , pregnancy, and the postpartum state With the reduction of protein 
stores which must accompany hypoprotememia, we observe in practically all 
cases that the biological assay of these livers shows only ^ to ^ of the normal 
store of hemoglobin producing materials 

It is generally believed that the Liver stores many factors essential for hemo- 
globin building — for example it holds the major stores of iron and the essential 
factor missing m pernicious anemia We believe that the liver stores some of all 
the factors essential for hemoglobin building and it is not difficult to show that the 
building of hemoglobin can be limited by reducing protein stores and intake in 
experimental anemia (2, 6) This might indicate that the liver is concerned 
with the production and/or storage of globtn or its precursors 

The pigment radicle of hemoglobin — the pyrrol aggregate — we know is dis- 
carded by the liver (bile pigment) and possibly the pigment radicle is made in 
the same organ. It does not seem possible to exhaust the capacity of the body 
to produce this pigment radicle — perhaps the mechanism being a ring closure of 
straight cham amino adds 

Some years ago we reported analyses of human livers (12) The iron content 
was determined and a biological assay of the hemoglobin-producing factors In 
human tissue was made by the utilization of carefully standardized anemic dogs. 
Our control baseline for the normal animal liver is that of the pig and we desig 
nate that as 100 per cent Compared with this 100 per cent normal control we 
find that the normal human liver contains greater amounts of hemoglobin-pro- 
ducing factors — a ratio of 120 to 160 per cent to the control. There are con 
siderable individual differences which we are inclined to relate to dietary habits 
iron stores and other unknown factors. 

Subsequently we made biological assays upon the livers from common do- 
mestic animals (8) Compared with the hemoglobin production resulting from 
pig liver feeding as 100 per cent we found beef liver rated at 70 per cent, rabbit 
liver 80 per cent, dog liver 100 per cent, and horse liver 130 per cent Fish 
livers in contrast were relatively inert— perhaps 10 per cent being the upper 
limi t for the various salt water fish tested (7, 10) 
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In our study of the biological assay s of human livers (12) w e observed that the 
usual acute and chrome infections showed about the same ratio as did the 
normal human group — average figures of 120 to 150 per cent as compared w ith 
100 per cent for the normal control pig liver Cirrhosis w ith no sign of li\ er 
insufficiency presented high normal values — 160 per cent, but when there was 
evidence of a true hepatic insufficiency, the liver assay averaged only 50 per 
cent or normal The iron content was the same in both types of cirrhosis 
Pernicious and aplastic anemias showed large stores of iron and a high assay 
for hemoglobin production 220 to 200 pier cent The usual secondary anemias 
showed the biological assay to fall within normal range — 130 per cent w ith low 
iron v alues 

Other experiments with anemic horse liver (14) show that it is not easy to ex- 
haust the hemoglobin production factors from the liver by means of blood loss 
Iron stores can be reduced very readily by blood removal These and other ex- 
periments suggest that the important reserve stores for hemoglobin building are 
in part protein and are guarded jealously by the body even in the face of severe 
bleeding We must dimmish the protein intake to reduce this protein fraction 
of the hemoglobin production store (6) 

Obviously a comprehensive understanding of hemoglobin fabrication within 
the body in health and disease calls for an analysis of the stores of hemoglobin- 
producing materials m animal and human livers This knowledge may make 
for a better therapy m human disease 

Methods 

Methods used have been described previously (15) The standard dogs are kept 
anemic at a level of 6 to 7 gm hemoglobin per 100 cc blood by bleeding and the 
hemoglobin removed is credited to that test period During control periods the dogs 
are fed a complete diet — a salmon bread mixture (15) which is poor m iron but ade- 
quate for health and general nutritional maintenance indefinitely The dogs are 
standardized by the feeding of pig liver at various times Similar control tests arc 
made by feeding iron during other test periods as described elsewhere (11) The 
average hemoglobin production due to pig liver feeding (300 gm per day for 7 days) 
is 35 to 45 gm When the human liver is tested, proper adjustment is made for the 
amount of liver used and this is then compared with the pig liver baseline as 100 per 
cent The figures for this ratio are given m the last column in the tables 

In all these test experiments data on red cell counts, hemoglobin levels, blood 
volume, and animal condition are available m the histones of the vanous dogs but 
are not given in this report These dogs were m a normal clinical state at all times 
Iron analyses were made by the method described by Kennedy (3) These figures 
are somewhat higher than would be found in perfused livers which give values related 
to the parenchvma iron only Significant clinical diagnoses and a brief description 
of the liver are given under the autopsy number 
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EXPERIMENTAL OBSERVATIONS 

The experiments given m the tables below extend and confirm those pre- 
viously reported (12) These data make for a clearer vision relative to hemo- 
globin production in various diseases. 


TABLE 1 
Pernicious Anemia 
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Table 1 Diagnosis end fnsiobpcol description of liver 

2100 FemJdous anemia typical — no liver therapy — terminal infection — hemoglobin 
5 gm —73 yean. 

Liver — autopsy weight 1500 gm. 

Histological specimen — liver cells. In general, nonnaL They contain some fat droplets 
and many fine ytlkm pigment granules which give a positive stain for iron, KopSer cells 
contain some of the same pigment. There are mononuclear cells In the periportal stroma — 
old cholangitis? 

4609 Pernicious anemia, typical, — no Ever therapy, hemoglobin 3.2 gm. — 76 years. 

Liver — autopsy weight 1870 gm 

Histological specimen — liver cells in center of lobules show fatty degeneration and con- 
siderable hyaline necrosis. Liver cells elsewhere are nch in fine granular pigment which 
gives a strong stain for Iron. Kupfler cells show pigment 

2262. Pernicious anemia, typical, — no therapy— bronchopneumonia— hemoglobin 3.9 
gm — 63 years. 

Liver — autopay weight 1610 gm. 

Histological specimen — Ever cells in general nonnaL Few granules of yellow pigment in 
hep* tic epithelium. 
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4394 Pernicious anemia— transfusion reaction — no therapy — hemoglobin 3 4 gm — 
64 years 

Liver — autopsy weight 2000 gm 

Histological specimen— liver cells excluding the large central necroses are normal Pig 
ment is abundant m liver cells and it gives a deep iron stain Kupffer cells small and contain 
little pigment Bone marrow is not hyperplastic but shows atroph> in nbs and vertebrae 
The marrow which remains is compatible with the diagnosis of pernicious anemia 

6317 Pernicious anemia, typical, — occasional short liver therapy dunng 5 y cars— hemo- 
globin 4 gm — 63 years 

Liver — autopsy weight 1410 gm 

Histological specimen — liver cells in center of lobules show atrophy, some fatty degenera 
tion and lipochromc pigment. Liver cells in margins of lobules show abundant iron staining 
pigment. Kupffer cells are filled with iron staining pigment. Bone marrow typical Kidney 
epithelium in convoluted tubules contains iron staining pigment 

3547 Pernicious anemia — little therapy and no response — coronary occlusion — hemo 
globin 5 7 gm — 59 years 

Liver — autopsy weight 1550 gm 

Histological specimen — liver cells normal The} contain manv fine pigment granules 
some of w hich give a stain for iron Kupffer cells contain some pigment Scattered central 
h valine necroses 

5255 Pernicious anemia — occasional liver therap} 2 >ears previous!} with relapse — 
moderate response to therap} in last week — arteriosclerosis — final cardiac death — hemo 
globin 4 S gm — 65 vears 

Liver— autops} weight 1030 gm 

Histological specimen — liver cells show atrophy and some fat droplets The central liver 
cells show vellow pigment but the iron stain is faint Kupffer cells inconspicuous and non 
pigmented 

6919 Pernicious anemia — treatment 2 weeks "retigulogcn” — p} elonephntis — broncho 
pneumonia — hemoglobin 7 3 gm — red blood cells 1,700,000 to 3,000,000 under therap} — 
70 vears 

Liver — autopsv weight 1430 gm 

Hbtological specimen — liver cells show fatty degeneration and some atropb} Abundant 
iron staining pigment in liver cells and Kupffer cells Kidney cells in convoluted tubules 
contain abundant iron staining pigment. Atrophic gastritis 

4540 Pernicious anemia — ervsipclas — hver therapy for years — cirrhosis and choleh 
thiasis — hemoglobin 15 gm — 73 vears 

Liv er — autopsy weight SOSO gm 

Histological specimen — liver cells in margin of lobules show a good deal of fat but little if 
anv p gment There is much periportal stroma which is rich in mononuclear cells — the 
arrho-is is prohablv related to a cholangitis Liver lobules are distorted but liver cells are in 
good condition The pernicious anemia was under control 

3447 \rcmta (p-rtnaors 1 ) — some reticulocyte response to hver therapy — coronary 
occlus on with infarct — bemoglobm S gm — 74 vears 

Liver — autopsv weight 1200 gn 
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Histological specimen— liver cells show atrophy There are scattered small liver necroses 
A few granules of iron stai n ing pigment are found in liver cells and Kupffer cells. Marrow 
shows no typical hyperp la s i a. If this is pernicious anemia it must be t very early stage 
The picture Is not that of the ordinary secondary an emia. 

Table 1 presents 10 cases of pernicious anemia, 8 of which are typical and had 
received no therapy or inadequate therapy If we exclude the last 2 cases in 
Table 1, we obtain an average ratio of 243 per cent, which means that the per 
niciou9 anemia liver contains unusually large stores of hemoglobin-building 
factors. The missing substance X present m liver extracts, liver, stomach, and 
kidney tissue, is lacking and these unused substances pile up in reserve When 
liver therapy is effective these liver stores decrease to normal and ratios dose to 
the normal are observed (case 4540, Table 1 above) as new red cells are formed 
w great numbers 

The last 2 cases in Table 1 show high normal ratios for the hemoglobin pro- 
ducing factors. In 4540 the therapy had been adequate and there was no 
anemia at time of death In case 3447 the anemia was not severe and the 
find mgs suggest an early stage of pernicious anemia 

Table 1 is very like the snnilar report on pernicious anemia ((13) Table 31) 
Average ratios for hemoglobin-producing factors in the liver previously reported 
were 218 per cent 


TABLE 2 


Anemia — Aplastic and Secondary 


No 

TlbfrwU 

Lir*T 
Intake 
pci day 

Llrwr 

Iron 

content 

HanoflobLn 
prod action 
from 7 day 
feed In* 
of Urtr 

Ratio 

Ut« to 
coo trot 
liver HS 
production 



tm. 

■1 

ferttnl 

f* 

t*r am 

4395 

Aplastic anemia 

205 

244 

65 

280 

6690 

Aplastic anerda— benaol? 

200 

89 

38 

154 

3958 

Secondary anemia (macrocytic) 

215 

16 

38 

161 

2817 

Secondary anemia — nephritis 

165 

28 

52 

207 

2433 

Secondary anemia — cancer of cervix 

125 

4 

21 

125 

4948 

Secondary anemia — myocarditis 

150 

4 

21 

89 

5407 

Secondary anemia — therapy 

180 

7 

15 

60 


Table 2 Diagnosis and kutoiojical description of fiver 

4395 Aplastic anemia— transfusions — hemoglobin 2JJ gm — white blood cell* 500 — 
no pigmentation — 53 year*. 

Liver — autopsy weight 1570 gm. 

Histological specimen — liver cells in general are norma]. There are some fat vacuole* and 
tcattered central hyaline necnxes. Fine pigment granules which give an iron itain are 
abundant In liver and Kupffer cell*. 



28S 


HEMOGLOBIN PRODUCTION FACTORS IN’ HUMAN LIVER 


6690 Aplastic anemia (benzoP) — bleeding — albumin 3 1 gra — globulin 2 4 gm — fibrino- 
gen 533 mg — duration 2 months — hemoglobin 2 gm — 73 years 

Liver — autopsy weight 1570 gm 

Histological specimen — there are small scattered central hyaline necroses Pigment is 
scant in liver cells but obvious in Kupffer cells Marrow shows few cells and those are 
immature 

395S Anemia (macrocytic) — senility — cachexia — bronchopneumonia — hemoglobin 9 5 
gm — S4 ) ears 

Liver — autopsy weight 1500 gm 

Histological specimen — there are mononuclear cells in the periportal stroma Liver cells 
show lipochrome pigment but no iron staining pigment Bone marrow does not suggest 
primary anemia 

2817 Anemia — chronic nephritis— death uremia — hemoglobin 5 2 gm — 27 years 

Liv er — autopsy weight 1400 gm 

Histological specimen — liver cells show some small fat droplets and lipochrome pigment 
but no iron staining pigment Marrow shows no hyperplasia. Evidently in this type of 
anemia the iron and other hemoglobin building factors are not depicted from the liver — 
perhaps the mechanism of hemoglobin production is disturbed by f the nephritis 

2433 Anemia secondary to cancer of cervix — red blood cells 1,000,000 — hemoglobin 
2 gm — 38 years. 

Liver — autopsy weight 1250 gm 

Histological specimen— liver shows fatty degeneration of cells in the centers of lobules 
Other b\er cells show cloudy swelling Scanty bpochrome pigment. 

494S Anemia, secondary — m\ ocarditis — old gastroenterostomy — hemoglobin 4 to 6 
gm — 72 vears 

Liver — autop'y weight 1800 gm 

Histological specimen — liver is negative except for some bpochrome pigment in the centers 
of the lobules Bone marrow shows little if any hy pcrplasia Iron stores obv lously have 
been depicted 

5407 Anemia — gastric resection, subtotal, 7 years previously — hematuna — recovery 
from anemia with liver and iron therapy — death from meningitis — last hemoglobin 13 gm — 
63 years 

Liver — autopsy weight 1540 gm 

Histological specimen — Uver cells essentially normal and contain a few grains of bpochrome 
pigment. Marrow is normaL The reserve of iron and other hemoglobin building materials 
in the liver has been exhausted. 

Table 2 presents various types of anemia and the contrasts are striking not 
only m the iron stores but m other hemoglobin-producing factors In the usual 
type of secondary anemia due to blood loss w e expect to find x er> low iron stores 
and a low normal figure for hemoglobin production (135 per cent in a previous 
publication — Table 33 (13)) The last 3 cases in Table 2 illustrate well the low 
iron stores and also the decreased stores of hemoglobin-producing factors 

In contrast to these stands aplashc anema (4395 — Table 2), a case v nth very 
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large stores of iron and hemoglobin producing factors The other aplastic 
anemia (6690) possibly due to benzol shows quite large iron stores but only 
average stores of hemoglobin producing factors This unexpected low value 
may be explained in part by a definite hypoprotememia which tends to reduce 
hemoglobin producing materials m contrast to aplastic anemia which tends to 
increase these stores In part these large stores of iron and hemoglobin pro- 
ducing factors may be related to transfusions The liver probably stores these 
essential hemoglobin producing factors because the bone marrow is aplastic and 
unable to use the stored material in spite of the demand due to the anemia. 

Two cases (3958 and 2817 in Table 2) are not easy to understand In spite 
of severe anemia of considerable duration, the liver stores of iron and hemo- 
globin-producing factors are large. In advanced nephritis m dogs there may be 
a lack of ability to make new hemoglobin under controlled experimental condi 
tions (16) The supplies are adequate but the mechanism for hemoglobin pro- 
duction is disturbed just as may happen due to an infection (9) Perhaps this 
explains the observed stores (autopsy 2817 — Table 2) and their non-u tfiiza tion 
by a bone marrow which appears normal or hyperplastic. The other case of 
macrocytic anemia (3958) was observed in a male of 84 and here cachexia may 
have been a factor 


TABLE 3 

Hypoproteinm ia— Cirrhosis 
Hemoglobin Producing Factors Greatly Decreased 


No 

DhfDOab 

LIrtr 

Intake 

P<rd*r 

Liver 

iron 

content 

Hemoflobin 
production 
from 7 diy 
feed hi* 
of Utw 

Ratio 

Hum in 

lirer to 
control 
Pvct Hb 
production 



l» 

*r 

fCTCtnl 

gm 

ftr ctnl 

6630 

Carcinoma of stomach 

200 

4 ; 

4 

17 

6406 

Gastric ulcer 

160 

5 

12 

61 

6543 

Lymphoma 

350 

10 

29 

52 

3572 

Taberculoai* 

230 

3 i 

33 

94 

6892 

Hepatitis — 1c tenia 

200 

13 

10 

46 

2237 

Hepatic Insufficiency 

230 

3 

19 

64 

2 824 , 

Cirrhosis 

245 

2 

37 

90 

5436 

Pyelonephritis, ? pellagra 

134 

13 

43 

240 

Average 

219 

7 

23 

S3 

(61) 


Table 3 Diagnosis and histological description of liver 
6630 Cancer of itomacb — hypoprotememia — peritoditfs — considerable weight lorn £n 
6 mouth* — albumin 3 4 gm, globulin 2 S gm — hemoglobin 12JI gm. — 67 yean. 

Liver — autopsy weight 1400 gm. 
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Histological specimen — h\er cells show atrophy and scattered fat droplets 

Lipochrome present in moderate amount 

6406 Gastric ulcer — anemia — hypoprotcinemia — pyloric stenosis — phlegmonous gas- 
tritis — bronchopneumonia — pulmonary infarcts — bleeding ulcer for 4 years — total plasma 
proteins low ■= 3 8 to 6 0 gm per cent — hemoglobin 9 gm — 35 years 

Lncr — autopsy weight 1250 gm 

Histological specimen — liver cells show hyaline necrosis in the centers of all lobules The 
midzone shows fatty degeneration Lipochrome pigment easily seen 

6543 Lymphoma — hypoprotcinemia — infiltration of ileura — bronchopneumonia with 
abscesses — total plasma proteins 6 1 gm to 4 3 gm per cent. — hemoglobin 12 8 to 8 5 gm — 
53 years 

Lncr — autopsy weight 2950 gm 

Histological specimen — liver cells show fatty degeneration, especially in the periportal 
areas There is some cell atrophy in the centers of the lobules 

3572 Tuberculosis, disseminated — anemia, macrocytic — hypoprotcinemia — ascites — al- 
bumin 2 2 gm , globulin 2 0 gm — hemoglobin 10 gm — 61 years 

Liver — autopsy weight 1700 gm 

Histological specimen — lner cells show advanced fatty degeneration No tubercles 
Marrow shows some hyperplasia but the cell elements arc normal 

6892 Cirrhosis — hepatitis— liver insufficiency — coma— icterus, severe — hemoglobin 13 

gm — 39 y ears 

Fibrinogen 360 mg per cent — albumin 1 6 gm per cent — globulin 2 3 gm per cent — 
N P N 45 to 130 mg per cent 

Li\er — autopsy weight 1800 gm 

Histological specimen — typical portal type of cirrhosis with much scar tissue and new bile 
ducts Little fatty degeneration but considerable areas of necrosis Many poly morphonu- 
dear leucocy tes are observed in lobules and in cellular portal tissue Larger bile passages arc 
dear Bile canaliculi arc distended with brown colloid casts Serious parcnchy ma injury 

2237 Cirrhosis — hemorrhages — anemia — hepatic insufficiency — alcoholism and syphilis 
— no blood dots — bleeding into tissues — icterus — hemoglobin 10 6 gm — 44 years 

Liver — autopsy weight 1690 gm 

Histological specimen — typical portal type of cirrhosis with much scar tissue and new bile 
ducts There is much fatty degeneration Practically no pigment seen Marrow shows 
some hyperplasia 

2S24 Cirrhosis — icterus — bronchopneumonia — alcoholism — hemoglobin 10 2 gm AIbu 

mm 2 1 gm , globulin 4 0 gm — fibrinogen 335 mg — 61 years 

Liver — autopsv weight 1930 gm 

Histological specimen — liver cells show advanced fatty degeneration Lipochrome pig 
ment is abundant. Bile canaliculi are distended with yello v brown casts The lobulation is 
irregular due to dense bands of scar tissue in which are seen many mononudears and immature 
b3e ducts The lner is poor in iron and other hemoglobin building material 

5436 Hvpop'Oteiremia (albumin 2 1 gm and globulin 2 6 gm ) — hyperchromic anemia — 
pi eloncphntis — fy-Hagra 5 — restricted, inadequate diet months before death — hemoglobin 
5.5 gm — 32 \ears 



G H WHIPPLE AND F 6 ROBSCHEIT ROBBINS 


291 


Liver — autopsy weight 1740 gm. 

Histological specimen — liver cell* show much fatty degeneration especially in the centers 
of lobules — pigment very inconspicuous. There are a few small focal necroses. Kupffer 
cells show on occasional grain of pigment 

Table 3 is probably the most significant m this paper With hypoproteinmia 
in all cases but one there is a sharp drop in the content of hemoglobin-producing 
factors In fact if we exclude case 5436 from the group we find an average ratio 
of 61 per cent or about 40 per cent of the normal h uma n liver content of hemo- 
globin production factors Anemia is not prominent (excluding 5436) and the 
iron stores are depleted. The normal iron values for this type of human liver 
material is 12 mg per cent. We were surprised to note this uniformly low value 
for the hemoglobin producing factors and one can scarcely escape the conclusion 
that protein factors (perhaps precursors of globin ) are depleted by the hypo- 
protememia whether associated with hepatitis or not. 

Case 5436 Table 3, does show a surplus of hemoglobin building stores and a 
normal store of iron in spite of an anemia (hemoglobin 5.5 gm.) plus a severe 
hypoprotememia (4 7 gm per cent) preceded by a long period of inadequate 
diet (pellagra?) and pyelonephritis. We have no adequate explanation but 
note a pyelonephritis which like the nephritis in Table 2 may prevent the 
utilization of the hemoglobin-producing stores 


TABLE 4 

Pipntnt ifduMism Abnormal 
Be moiyiic Idems Uemachnunalotis ErjOtrMasiie Anemia 


No. 

DL»roo«b 

Lircr | 
fntike 

LI rtr 
Iron 

Hemoflobb 
production 
from 7 d»y 

lUtlo 
Hernia 
Uvw to 
control 



P*r <1*7 

content 

fetdinj; 






prod action 



r*- 

"/ 

ftr an 

1 r* 

f*f cau 

5340 

Hemolytic icterus 

250 

80 

50 

177 

3891 

Hemolytic icterus 

240 

37 

55 

177 

4226 

Hemochromatosis 

200 

644 

35 

98 

5812 

Mediterranean anemia 

240 

418 

50 

155 

2414 

Mediterranean anemia 

115 

292 

64 

398 


Table 4. Diagnosis and kisiologicaJ deter! phen of liver 

5340 Hemolytic icterus — splenectomy — thrombosis femoral veins — pulmonary embolism 
- — icterus — pigmentation of liver and kidneys — 32 years. 

Liver — autopsy weight 1800 gm 

Histological specimen — liver shows r ec e n t hyaline central necrosis and many areas which 
show active repair of this injury Pigment is abundant In the liver cells, phagocytes and 
Kupffer cells, also in renal tubular epithelium Marrow shows very active hyperplasia 
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Polycj themia (Table 5) shows a low biological assay and a subnormal iron 
store These figures are significant and suggest that the iron and other hemo- 
globin-producing factors are turned over very rapidl) to form new red cells to 
maintain the high red cell counts so characteristic of this disease An over- 
absorption of red cell and hemoglobin-producing factors would not seem to be 
responsible for this disease picture This case had been under observation and 
treatment w ith h> drazme in the Strong Memorial Hospital for 14 y ears The 
presence of iron in the convoluted tubular epithelium of the kidney is related to 
the hv drazme therapy and emphasizes the fact observ ed in dogs (1) and human 
beings that the kidney is an organ concerned at times with iron conservation 
Compare also the iron-containing pigment of the renal epithelium m hemolytic 
icterus cases — Table 4 

Leukemia (Table 5) presents an interesting picture We reported a similar 
biological assaj on 14 cases ((13) Table 34) In that report the iron content 
was about normal and the biological assay showed a ratio of 120 per cent or a 
low normal value There are several factors which may influence the hemo- 
globin-producing stores in the liver in this disease There may be bleeding 
which would deplete these liver stores but usually the iron stores are normal or 
abov e (Table 5) indicating that the dram due to bleeding is not serious The 
marrow may be so choked w ith white cells that it can turn out too few red cells 
and anemia results Meanwhile the stores of iron and hemoglobin-producing 
factors maj heap up in the liver (case 4283 — Table 5) Infiltration of the liver 
with white cells and associated liver degeneration may militate against the 
storage of protein hemoglobin-producing factors The iron stores in the cases 
of leukemia (Table 5) run from 3 to 20 times normal 


TABLE 6 

Eclampsia — Laclaltor. — Controls 


No I 

1 

1 

Diagnosis 

LiTer ! 
intake 
per d-y 

| 

1 

LKcr 

iron 

content 

Hemoglobin 
production 
lrom 7 da> 
feeding 
of liver 

Ratio 
Human 
Jiver to 
control 
liver Hb 
production 



tn 

per cent 

in | 

per cent 

4494 

Eclampsia — 7 mos 

225 

5 1 


72 

3094 

Eclampsia — S} mos 

143 

9 


58 

0369 

Lactation — 1 itLs 

2 23 

4 

16 

60 

-.297 

Thvro'.d storm ; 

165 

13 1 

25 

112 

41iS 

Prcumoma — senile j 

12S | 

8 

30 

163 

672S 

Hidrocepbalus — \outh 

230 i 

5 

29 

109 


Table 6 D ap-ens and h.ziclopccl dc^cnpttor of Iner 

4494 Eclamp^-a — 7 rrontfcs p-tgnanc> — hvpoproteinemia (albumin 1 4 and globulin 
3 7 gm p*- cent) — 3D vtars 
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Liver — autopsy 'weight 1810 gm 

Histological «pearoen — there ire numerous typical hyiline liver necroses with hemorrhage 
In the periphery of many lobule*. The remaining liver cells show doudy swelling and a few 
small fat droplet*. 

3694 Eclampsia — months pregnancy — convulsions — coma — blood pressure 190— 
albu min and globulin 6 gm. — hemoglobin 117 gm. — 25 year*. 

Liver— autopsy weight 1370 gm. 

Histological specimen — liver Is normal In gross as well as under the microscope. Many 
sections ex a m ined but none shows any periportal or other necrosis. Kidneys show leslcms 
typical of eclimpeia. Possibly the normal plasma proteins gave some protection against 
liver injury 

6369 Postpartum (4 weeks) lactation — pulmonary embolism — hemoglobin 10.2 gm. — 
23 years. 

Liver — autopsy weight 2050 gm 

Histological specimen — liver is nor mal . Cells contain a few *m*I1 fat globules and 
glycogen granules, 

4297 Thyrotoxicosis — postoperative bronchopneumonia — hypertension 200/80 — red 
blood cells 2 800 000 — hemoglobin 7 gm.— 67 year*. 

liver — autopsy weight 1170 gm. 

Histological specimen — liver cell* show atrophy a little fat Infiltration and some lipo- 
chrome pigment normal for an elderly female. 

4148 Pneumonia— senile— hemoglobin 12*6 gm. — SO years. 

Liver — autopsy weight 1800 gm 

Histological specimen — liver celts show cloudy swelling and small amount of hpochrome 
pigment. 

6728 Hydrocephalus — meningitis — normal organ* except brain— well developed — hemo- 
globin 16 gm. — 16 years. 

Liver — autopsy weight 1790 gm 

Hbtalogkal specimen — liver cells quite normal. 

Table 6 presents 3 important cases related to pregnancy The evidence is 
clear from these and other cases reported previously ((13) Table 35), that the 
iron and protein stores are very low m late pregnancy Case 4494 eclampsia 
shows hypoproteinemia — compare Table 3 Demands coming from the fetus 
are probably largely responsible but the needs for protein due to lactation are 
real and deplete protein stores m the liver which otherwise might go to form 
plasma protein or hemoglobin 

These observed facts should direct the attention of the clinician to adequate 
intake of iron and proteins for the woman in late pregnancy and during la eta 
tion Whether these depleted pro tern reserves are m any way related to the 
state of eclampsia is not known but protein depletion is known to favor liver in 
jury (5) and impair the defense against infection (4) 

The last three cases in Table 6 show control values which are m line with 
many others reported earlier (12) Thyrotoxicosis does not cause any change 
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in the iron content or the biological assay of the liver Pneumonia likewise 
presents figures within the normal range The last case (hydrocephalus) was a 
healthy, w ell dev eloped male of 16 years — death due to meningitis The figures 
for liver iron are low but the circulating hemoglobm was normal Biological 
assay of the liver shows hemoglobin-producing factors to be below normal pos- 
sibly due to some diet limitations 

DISCUSSION 

The anemia of leukemia has received a good deal of attention, is a well recog- 
nized fact, and might be explained in various ways Loss of blood is often a 
diagnostic factor in leukemia but the observations in Table 5 indicate that in 
many cases it is not responsible for the anemia There are large iron stores and 
normal or above normal reserves of hemoglobin-producing factors m the liver 
White cell infiltration of the marrow and liver is probably responsible for the 
values recorded in Table 5 When the marrow is stuffed with white cells the 
red cell elements can not function properly and there is a tendency toward 
anemia with some overaccumulation of hemoglobin-producing factors m the 
liver There is no ev idence of lack of absorption of iron or protein factors In- 
filtration of the liver b) the leukemic cells may “dilute” the potency of the 
hv er cells as measured by biological assay Mechanical or toxic injury due to 
infiltration maj be inflicted upon the liver cells and check the storage of proteins 
in these cells 

Hypoprotemama is viewed with disfavor by the clinician with good reason 
That edema may develop needs no debate but there are degrees of hypopro- 
teinemia not sufficient to produce edema yet adequate to lower the body de- 
fense against infection (4) and toxic liver injury (5) It is probable that such 
degrees of hypoproteinemia are more common than is generally appreciated 
The dram coming from the fetus or lactation may cause such plasma protein de- 
pletion and therefore deserves the attention of the obstetncian It should not 
be difficult b} adequate diet to replete the protein reserve stores In rare cases 
of v omiting plasma could be giv en b> vein to replete these important stores It 
is at least possible that one factor in precipitating the toxic condition desig- 
nated eclampsia mi) be the senous depletion of body protein reserve stores 
The seventj of depletion of the protein stores maj determine whether the 
clinical case of eclampsia does or does not present widespread hj aline liver 
necroses 

Hepatitis with jaundice often shows low stores of hemoglobin-producing 
factors — both iron and protein (Table 3) Low protein stores and hypo- 
protcmemia fav or hv er injurv — a vicious circle — as liv er injury tends to slow up 
protein production Obviouslj a correction of this state is greatlj to be desired 
and if proteins cannot be given b\ mouth then plasma protein can be given by 
v ein or peritoneum Because methionine has a specific protectiv e effect against 
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Itvti injury due to certain poisons (5), it deserves a clinical test where we suspect 
a continuing liver injury Protein by mouth or plasma by vein should also 
furnish material needed for the prompt repair of injured liver or other tissues 

suiaiAEY 

Human liver tissue has been assayed to determine the amount of hemoglobin 
production factors in normal and abnormal states Standardized dogs made 
anemic by blood removal have been used in this biological assay Normal 
animal liver as control is rated as 100 per cent. 

Normal human liver tissue as compared with the normal ftnimn) control 
contains more of these hemoglobin production factors — a biological assa y ratio 
of 120 to 160 per cent Infections, acute and chronic, do not appear to modify 
these values, the concentration of hemoglobin-producing factors falling within 
the normal range 

Pernicious anemia and aplastic anemia both show large liver stores of hemo- 
globin producing factors — a biological assay ratio of 200 to 240 per cent 
Therapy m pernicious anemia reduces these liver stores as new red cells are 
formed 

Secondary anemia presents a low normal or subnormal liver store of hemo- 
globin producing factors — an assay of 60 to 130 per cent 

Hemochromatosis, erythroblastic anemia, and hemolytic icterus in spite of 
large iron deposits m the liver usually show a biological assay which is normal 
or close to normal 

Polycythemia shows low reserve stores of hemoglobin-producing factors 
Leukemias present a wide range of values discussed above 

Hypopro t ein emi a almost always is associated with low reserve stores of 
hemoglobin producing factors m the liver — biological assays of 60 to 80 per cent 
Hypoproteinemia means a depletion of body pro tern reserve stores including the 
labile protein liver reserves — a strong indication that the prehemoglobm ma 
terial (or globin') u related to these liver stores 

Pregnancy, eclampsia, and lactation all may present subnormal liver stores of 
hemoglobin producing factors Exhaustion of protein stores lowers the barrier 
to infection and renders the liver very susceptible to many tone substances. 
It should not be difficult to correct hypopro tememia under these conditions and 
thus relieve the patient of a real hazard 
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Amongst a small colony of guinea pigs being used for nutritional experiments, 
tv .0 have sickened with a disease characterized b> interesting visceral lesions 
Since further experimental study has been balked by our failure to transmit the 
disease to other animals, it seems worth while at this time to report upon the 
pathology We have found no reference to a similar generalized disease of 
guinea pigs but the lesions are not unlike those which have been found by 
Goodpasture and Talbot (1) by Farber and Wolbach (2) and others in human 
infants, and b> VonGlahn and Pappenheimer (3) m an adult. 

The symptoms in the two affected animals were not in any way distinctive. 
Wc observ cd only a gradual loss of weight and appetite, lethargy , dullness of 
the eyes, and it was noted that the hair was easily shed No temperature 
record was kept One of the guinea pig3 died spontaneously The other was 
killed for study 

protocols 

Guinea pig 70 Female. Received September 17 1941 Weight 296 gm. Main 
tained on vitamin E-defiaent diet V, supplemented by 10 cc. of tomato juice and 25 
gm of lettuce daily, plus 50 mg of dl-a tocopherol acetate weekly Normal 16 day 
cycles. 2 unsuccessful matings Maximal weight of 585 gm. was attained on Janu 
ary 15, 1942, from which date the weight gradually declined to 525 gm. on April 1 
The a nimal was found dead on April 8 

Autopsy Lungs — lower lobes congested with areas of hemorrhagic consolidation 
in upper lobes. Liver — large yellowish, obviously fatty, with a few large areas of 
caseous necrosis visible on inferior surface. GaU bladder — contained colorless bile. 
On the serous surface, numerous elevated greyish peariv nodules about 1 mm in 
sire. Spleen— large and soft. Kidneys — swollen, slightly paler than normal. 
Ovanes — small Uterus — not pregnant (last mating 9 days before death) Other 
organs normal in the gross. 

Mur os co pic Examination. 

Lungs — the septa are in places thickened by accumulations of ceils, some of which 
are «mnT1 lymphocytes but the majority large mononuclear elements with vesicular 
nuclei of irregularly oval shape. These resemble the epithelioid cells of early tuber 
cles. The cellular agglomerations often form fairly circumscribed nodules centering 
about small blood vessels. Among the cells certain large dements are conspicuous 
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b> virtue of their eosinophilic intranuclear inclusions, to be described in detail later 
Masses of the epithelial cells, some with inclusions, entangled with coarse fibnn, par- 
tially fill certain ah eoli There are irregular patches of al\ eolar hemorrhage The 
endothelial cells of some of the pulmonary veins are swollen and contain inclusions, 
but no inclusions are found within the epithelium of the contracted bronchi 

Liter — throughout the section, there are many large areas of necrosis, some of which 
are quite recent, since the outline of the In er cells is presen ed and the liver cell nuclei, 
though shrunken and pycnotic, are still discernible (Fig 1) The remaining lncr 
parenchyma is the seat of uniform fatty infiltration 

Intranuclear inclusions are found in the following situations (1) within the epi- 
thelial cells of small bile ducts, (2) within large mononuclear cells or epithelioid cells 
in the portal connects e tissue, (3) in large cells lying free within the portal veins, 
(4) rarelv, within the nucleus of a liver cell 

Gall bladder — the lining epithelium is exfoliated in part, that which remains is 
nonnal The submucosa is edematous, infiltrated with lymphoid cells, and contains 
many swollen fibroblasts No definite inclusions are seen The white nodules ob- 
served at the autopsy are composed of masses of epithelial glandular tissue which 
intercept the muscular bundles and project on the serosal surface Mitoses are abun- 
dant, and the orientation of the cells is somewhat atypical, but there is no invasion of 
the stroma In se\ cral of the gland cells are typical intranuclear inclusions 

Splccit — the normal appearance is greatly altered b\ the presence of large numbers 
of epithelioid cells with vesicular nuclei, many of which contain inclusions These 
cells sometimes replace the central portion of the Malpighian follicles, surrounding the 
central artery , (Fig 2), sometimes they form irregular, poorly debmited masses within 
the pulp Amongst these larger cells are py cnotic nuclear fragments from the de- 
struction of the lymphocv tes, also deposits of coarse fibnn Inclusion-bearing cells 
arc found both m the pulp and free within the splenic sinuses Hemosiderin pigment 
is abundant 

Kidney — occasional individual epithelial cells of the glomerular capsule are swollen 
and contain inclusions Many tubules are seen in which the lining cells are greatly 
swollen, and thur nuclei distended with large inclusion bodies (Fig 3) The inclusion- 
bearing cells are often exfoliated, filling the lumen Multinucleated cells are common, 
and tn some of these, the nuclei are dark and the outline of the inclusion blurred 
Thcv are evidentlv degenerating (Fig 4) There is no diffuse interstitial reaction, 
but where the epithelial inclusions are most numerous, one finds occasional groups of 
epithelioid cells m the stroma, some of which also contain inclusions No inclusion 
bodies are present in the collecting tubules or pelvic epithelium 

If yecardiurr — occasional inclusion-bearing mononuclears arc found between the 
muscle fibers or in the \ianitv of small branches of the coronary arteries 

Large interline — normal No inclusions Skeletal muscle — normaL The salivary 
glands were not examined 

Guinea, pig C-"6 Female Received February 16,1942 Placed on diet \ nth 
daib. supplement of 10 cc. of tomato juice and 25 gm. of lettuce, plus 10 mg of dl- 
tocophe-ol \ eeklv Initial weight 210 gnu Maximal weight on Apni 8, 354 gm , 
folio ed bv decline to 24S gm. when it was killed on April 20 Nocycles 



ALWIN U. PAPPENHEMES AND CHARLES A* SLANETZ 


301 


Autopsy Moderate emaciation, hair falling out. Muscles dry, but of normal tea 
tore and color Heart normal. Left ventricle contains loose grey dot. Lungs — 
normal Liver— large, pale, yellowish brown with numerous areas of greyish white 
necrosis scattered through all lobes Spleen — much enlarged congested, with scat 
tered grey arena of necrosis (?) Kidneys — very pale, with greyish fod on surface and 
cut section Adrenals — normal. Ovanes — immature. Stomach — mucosa diffusely 
thickened and edematous. Along lesser curvature, irregular superficial ulcers covered 
by necrotic greenish membrane. Other organs not abnormal. 

Microscopic Examination. 

Lungs — there are masses of pale epithelioid cells and lymphocytes about the smaller 
blood vessels extending into and thickening the adjacent septa. Amongst these are 
occasional dumps of coarse fibrin. 

Cells with Intranudeai indusk) ns are scattered amongst them, and occasionally 
larger elements sometimes with several nudei, are found lying against the alveolar 
walls (Fig 5) The bronchial epithelium contains no mchudon bodies 

Myocardium — occasional large mononudear cells with indusiona lie between the 
muscle fibers (Fig 6) There is little inflammatory reaction, in some areas, the in 
elusion bearing large mononudeara are accompanied by small lymphocytes. Oc 
casionally a few muscle fibers in the vicinity of the indusion-contalnmg cells axe 
necrotic. 

Lever — there is moderate diffuse fat infiltration, as well as scattered areas of com 
plete necrosis of liver cells, unaccompanied by any inflammatory reaction. Individual 
cells show hyaline necrosis As in the previous case, indusion bodies are found 
within (1) liver cells (Fig 7), (2) within the epithelium of the smallest bile ducts, (3) in 
epithelioid cells of the portal connective tissue, (4) in large mononudear cells ap- 
parently circulating freely in the portal blood (Fig 8) or m portal lymphatics. In 
dusions are not present within the epithelial cells of the larger bile ducts. 

Spleen — the lesions are similar to those described In the previous case, but are even 
more striking A large part of the splenic pulp consists of solid masses of pale staining 
epithelioid cells, aometimes with an interlacing fibnnous network, which have replaced 
the normal elements (Fig. 9) Amongst them are many multinudeated giant cells 
Many of these cells contain large intranudear indusio ns (Fig 10) Lymphoid cells 
which are trapped m these areas are pycnotic and fragmented. The endothelium of 
the splenic sinuses rarely contains a small indusion body There is a moderate 
amount of hemosidenn pigment. 

Lymph glands — (a) Beneath the capsule, there are Irregular areas m which the 
normal structures are replaced by masses of pale stai nin g epithelioid cells, many of 
which contain in dusions. There is fragmentation of the nuclei of the lymphocytes. 
(b) A second lymph node presents a remarkable appearance. The normal structure is 
profoundly altered the lymphoid dements have been almost wholly replaced by large 
pale cells with bluish cytoplasm and vesicular nudei. M any of the cells are multi 
nucleated and eosinophilic m elusions are found in almost every nudeus The outlines 
of the amuses are not to be made out there is hemorrhage and fibrin deposit. The 
pycnotic, broken up remains of the lymphocyte nudei are scattered amongst the 
large cells, (c) A penpancreatic lymph node is the seat of similar extreme changes 
(Fig 11) Here many of the multinudeated plasmatic masses are undergoing de- 
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generation The inclusion bod} is no longer separated from the nuclear membrane by 
a clear space, but fills the entire nucleus, which is shrunken and takes a reddish-purple 
stain with hematox} lin-cosin (Fig 12) 

Salivary glands — in some areas, swollen epithelial cells with large intranuclear, and 
also cytoplasmic inclusions, are abundant (Fig 13) Both the duct and acinar cells 
are affected There is a sparse lymphocytic reaction, the nuclei of the lvmphoc} tes, as 
elsewhere, showing fragmentation About some of the inclusion-con taming ducts, 
there is no reaction whatever 

Pancreas — aside from interlobular edema, m part fibrinous, there are no lesions 
Idrcnal — normal Stomach — o\ er large areas, there is necrosis of the mucosa, extend- 
ing almost or quite to the musculans mucosae In the necrotic tissue are masses of 
bacteria At the base of the ulcerated areas, there are many pale fibroblasts, lympho- 
c\ tes, often fragmented, and occasional polymorphonuclears Some of the fibroblasts 
contain intranuclear inclusions The submucosa is edematous (Tig 14) 

In other areas, the mucosa is intact and undergoing actix e proliferation The epi- 
thelial cells are large and basophilic and mitoses are abundant Some of the glands are 
dilated In the vicimt} of the necrotic areas, inclusion bodies are noted within the 
epithelial cells (Fig 15) A large inclusion-bearing cell is found within a lxmphatic 
vessel of the musculans 
Small intestine — normal 

L terns and Ovaries — normal Urinary bladder — normal Parathyroid — a single 

epithelial cell is found, containing an intranuclear inclusion Skeletal muscles — 
normal Kidncvs — typical inclusions occur within hvpertrophied cells of the con- 

\olutcd tubules these cells mav be still attached to the basement membrane, or ex- 
foliated into the lumen Inclusions are seen also in isolated cells of the glomeruli 
One glomerulus is composed almost whollx of swollen pale inclusion-bearing cells, 
whose origin, whether from capillars endothelium or epithelium, is uncertain The 
capillaries thcmsclx cs arc compressed and empt> Small eosinophilic bodies, perhaps 
den\ cd from the intranuclear masses b> extrusion, arc seen in the cvtoplasm (Fig 16) 
Inclusiors — these x an considerabh in size and shape Thc> are sometimes 
spherical, but more often oblong and sometimes quite irregular in shape Within a 
single nucleus, there ma> be, m addition to a large eosin-staimng mass, several smaller 
clumps or spherules With the stains used (hematoxx lin-cosin, Laidlaw), no 
granular structure is demonstrable, but fine vacuoles arc often present in the larger 
inclusions The chromatin is pushed against the nuclear membrane, and the basic 
staining har\ omme is usuall} distmctl} seen 

The cx toplasm of the affected cells stains a robin’s egg blue and is faintl} granular 
It max contain one or sex cral eo'in-stainmg small spherical bodies 

\ anous stages in the degeneration of mclusion-beanng cells can be studied in the 
fixer The outline of the inclusion bodx becomes blurred, and the eosinophilic ma- 
terial max complctelx fill the nucleus, leasing onl> an indistinct margin of chromatin 
against the still intact membrane In a more adxnnced stage, the nuclear membrane 
no longer <tains The cvtoplasm become^ eosinophilic and h> aline, and the entire cell 
obxiojdx necrotic. 

As with other xirus infections characterized bx intranuclear inclusions, the affected 
cell- undc"go bx’pcrtropbx , and often become multmucleated Giant cells, with 
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multiple inclusion-bearing nuclei, were particularly conspicuous In the lymph nodes 
and spleen. 

The inclusions as has been shown, are present In many different cell types — In the 
epithelial cells of the salivary gland ducts bile ducts, liver, kidney, gastnc mucosa, 
and parathyroid, in fibroblasts, reticular cells, or histiocytes in endothelium, and even 
in circulating monocytes m the portal blood stream. We are familiar with no other 
virus m elusion having so catholic a distribution. 

Bactcnolagtcal — cultures of kidney liver, and spleen on defib nnated sheep blood 
agar plates brilliant green agar and nutrient agar remained sterile Negative cultures 
were also obtained from inoculated animals. 

Attempts at Transmission 

From the second guinea pig (C 76), kidney, spleen, and liver were removed asepti 
cally, ground with sterile sand in saline, and a heavy suspension injected subcutane- 
ously into 3 adult guinea pigs and 1 young one. 

Daily temperatures and weights were recorded. The animals were sacrificed after 
4,7 16, and 16 days. Guinea pig Sl-4, injected with liver suspension, lost 53 gm. m 4 
days and was killed It was found to have extensive bronchopneumonia. A search 
for inclusion bodies in the lungs and other viscera was disappointing except for a 
bronchial lymph node. Here two large mononuclear cells with typical inclusions were 
found free within a sinus. In a strand of pale epithelioid cells about a portal space in 
the liver, another inclusion bearing cell was discovered The characteristic visceral 
lesions of the spontaneous cases were lacking 

A liver suspension from Sl-4 was injected into 2 other guinea pigs. One of them 
(SI 5) became 21, losing 35 gm. in weight in 7 days. No lesions or inclusion bodies 
were found on microscopic study Guinea pig SI -6 killed after 12 days, showed no 
evidences of illness there were no lesions or inclusion bodies. The salivary glands of 
both these animals were free of inclusions. 

The 3 other guinea pigs injected with spleen and kidney from C 76 were negative so 
far as generalized lesions with inclusions were concerned Only one showed a single 
inclusion body within a salivary gland duct epithelial cell. 

Blood from SI -3 was Injected into another animal and glycennated spleen and 
liver from C 76 were injected subcutaneously and In tra cerebrally into other guinea pigs 
and, white mice. AD these attempts at passage were fruitless. 

DISCUSSION 

We have described a generalized disease of guinea pigs, in which lesions of 
considerable seventy were present in lungs, liver, spleen, kidneys, gastnc mu 
cosa, and lymph nodes These were associated with conspicuous intranuclear 
inclusions of the type occurring m herpes, varicella, virus HI, and many other 
virus diseases Indeed, the appearance of the inclusion conforms m ail details 
with that repeatedly described in the salrvary gland virus infection of guinea 
pigs, and especially well pictured m the article of Rosenbusch and Lucas (4) 
The presence of these inclusions and the failure to demonstrate bacteria in the 
sections or in culture, make it highly probable that the disease is due to a virus 
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The question at once arises as to whether one is dealing with a virulent form 
of the usual]} innocuous sain ai} gland virus, which is so often present in ap- 
parent!} healthy adult guinea pigs The incidence of the salivary gland in- 
clusions % anes in different stocks, as Markham (5) has pointed out, but may be 
as high as 84 per cent (Cole and Kuttner, 6) In the studies which have been 
made of this disease, one can find no reference to generalized visceral lesions 
such as were present m our animals Markham and Hudson injected the sub- 
maxillar} gland virus into fetal guinea pigs, either intracerebrally or via the 
placenta The latter route produced a wide dissemination of lesions and in- 
clusion-bearing cells They state specifically, however, that the inclusion 
bodies were alw ays confined to the mesenchymal cells or tissues derived from 
them, in no instance were they found in epithelial cells (7) However, char- 
acteristic inclusions do occur in the renal epithelial cells (Jackson, S) 

The salivar} gland virus, as was first shown by Cole and Kuttner, may be 
successfull} transmitted to young guinea pips by inoculation of infective 
salivarv gland material Intracerebral injection produces a meningitis with 
inclusion bodies, but serial transmission beyond one or two passages, has not 
been accomplished (9) Following inoculation of virus-bearing material 
dircctl} into v anous viscera, inclusion-containing cells have been found in other 
situations than the salivai} gland ducts — testis, tongue, and lung (Cole and 
Kuttner), and in fibroblasts, macrophages, endothelial cells of various viscera 
(4) While it is possible therefore experimentally to produce a generalization of 
the sain ary gland virus, it should be emphasized that the spontaneous infection 
remains localized to the salivar} gland, and renal epithelium 
While the salnar} gland virus is readily transmitted to young animals, and 
maj e\ en cause a fatal disease (4), our efforts to transmit the infection either to 
} oung or old guinea pigs were unsuccessful Could this have been due to an im- 
munity conferred b\ previous spontaneous infection with the salivar} gland 
varus 5 This is unlikely in view of the fact that one of the 4 injected animals 
contained no inclusions in the salivary' gland, in another, on!} a single in- 
clusion was found after thorough search In the other two animals, the salivary 
glands unfortunatel} w ere not examined 

While the question of the identit} of our agent with the salivary gland varus 
must remain open for the present, the evadence at hand argues against it 
Whatever the nature of the mating agent, the natural infcctfvity of the 
disease appears to be shght Animals kept m the same cage with the infected 
guinea pigs hav e remained w ell, and no epidemic has dev eloped 

suiuiari 

A spontaneous generalized visceral disease of guinea pigs, characterized by 
the presence of intranuclear inclusion bodies of the herpes type, is described 
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The posable relation of this disease to the salivary gland vims infection of 
guinea pigs is discussed 

We wish to acknowledge with thanks the technical assistance of Claudia Schogoleff 
in the care of the animals and preparation of sections 
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EXPLANATION OF PLATES 

All the slides used for illustration are stained with hematort hn and cosm 

Plate 19 

Fig 1 Guinea pig C-70 Ln er Large areas of necrosis X 230 
Fig 2 Guinea pig C-70 Spleen Large cell with intranuclear inclusion X 460 

Fig 3 Guinea pig C-70 Kidnej Intranuclear inclusions within epithelium of 
proximal com oluted tubule X 460 

Fig 4 Guinea pig C-70 Kidne\ Degenerating giant cell Several other cells 
contain inclusions X 460 









Plate 20 

Fig 5 Guinea pig C-76 Lung Large cells with intranuclear inclusions are seen 
lying against the alveolar septa X 460 

Fig 6 Guinea pig C-76 Myocardium Large inclusion bearing mononuclear 
cell between muscle fibers X 460 

Fig 7 Guinea pig C 76 Liver Inclusions within liver cells Necrosis and pig- 
mentation of nuclei X 460 

Fig 8 Gumea pig C-76 
portal vein X 460 


Large inclusion-bearing mononuclears free in blood of a 







Plate 21 

Fig 9 Guinea pig C-76 Spleen Normal elements of pulp replaced by pale 
epithelioid cells Many giant cells X 230 

Fig 10 Guinea pig C-76 Spleen Intranuclear inclusions and fragmentation of 
lymphoid cells X 460 

Fig 11 Guinea pig C-76 Penpancreatic lymph node Replacement of normal 
elements by large inclusion-beanng epitheboid cells Numerous giant cells, many of 
them degenerating X 230 

Fig 12 Guinea pig C-76 Penpancreatic lymph node Giant cells and intranu- 
clear inclusions X 460 


/ 
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Plate 22 

Fig 13 Guinea pig C-76 Sail van’ gland Large inclusions in duct cells Lym- 
phocytic reaction X 460 

Fig 14 Guinea pig C-76 Stomach Ulceration surmounted by necrotic 
slough X 110 

Fig 15 Guinea pig C-76 Stomach Inclusions in glandular epithelial cells in 
vicinity of necrotic area X 460 

Fig 16 Guinea pig C-76 Kidney Glomeruli, composed of pale swollen cells, 
most of which contain inclusions X 460 










STUDIES CONCERNING THE SITE OF RENIN FORMATION IN 
THE KIDNEY 
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Mesonephros and Metanephros of tut. Hoo Fetus* 

Be A- KAPLAN PhD, and MEYER FRIEDMAN, MR 
Wmr the Technical Assistance of Eleanor Williams 
( From the Harold Brunn ImtUule for Cardiovascular Research, Mount Zion Hospital 
San Francisco) 

Plates 23 and 24 
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In the first study (1) of the present senes, the inability to detect a pressor 
substance in the aglomerukr kidney of the midshipman fish, a manne variety, 
while abundant amounts of renin were demonstrated in the glomerular kidney 
of the catfish and carp, suggested that the site of rerun production might be in 
the glomerular or juxtaglomerular component of the kidney However, in 
subsequent studies (2, 3) it was found that no pressor substance, effective in the 
dog, could be found m the glomerular kidney of several other manne fish (cod, 
sole, mackerel) investigated m this laboratory Bean (4), moreover, has 
recently reported the absence of renin in the kidney of the shark, a manne fish 
possessing a glomerular kidney All observations thus point to the conclusion 
that the kidneys of manne fish, whether glomerular or a glomerular, are prob- 
ably devoid of a renin like, pressor substance. 

The failure of extracts of marine fish kidneys to exert a pressor effect when 
injected intravenously mto dogs might possibly be due to the species specificity 
necessary for the reaction between rerun and the activator (hypertensmogen?) 
in plasma as reported by Bean (4) and by Corcoran, Helmer, and Page (5) 
This possibility is unlikely, however, in view of the fact that extracts of kidneys 
of fresh water fish exhibit pressor properties typical of renin when injected 
intravenously mto dogs. It should also be noted that Bean (4) was unable to 
detect the presence of renin m shark kidney by either (a) injecting shark kidney 
extr act mto other poikfiotherms and thus eliminating the effect of species sped 
fiaty or ( b ) by obtaining hypertensm (angiotomn) after incubation of shark 
kidney extract with plasma. 

In the present report, the results of a study of the renin content and histologi 
cal structure of the mesonephros and metanephros of the developing hog fetus 
are given, for it was found that these two kidneys followed entirely different 
paths of development as the fetus increased in length The mesonephros of 

* Aided by a grant from the Daiian Foundation for Medical Research, 
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In summary then, the histological study of the mesonephros of fetuses 
between the lengths of 17 and 100 mm indicated that there was a continuous 
and differential necrosis of the tubules, with the glomerular component remain- 
ing unchanged until metaplasia of the residual mesonephros occurred 

Description of the Hog Metanephros 

Gross Findings — The striking characteristic of the metanephros of the 
smallest fetuses studied (25 to 30 mm ) was the relative paucity of mature 
tubular epithekum and the relatively heavy concentration of mature and 
immature glomeruli The tubular epithelium (Fig 3) was for the most part 
poorly differentiated, rarely equipped with a brush border, and appeared 
basophilic on staining with hematoxylin and eosin In the interior of the 
kidney, however, a few mature appearing tubules were seen, together with 
numerous large, lobulated glomeruh containing nucleated red blood cells A 
good proportion of the metanephnc tissue, however, was observed to be 
mesenchymal interstitial tissue Some collecting duct epithelium was observed 
When the metanephnc tissue of older fetuses (30 to 300 mm ) was studied, 
it was observed that the growth of the kidney was confined chiefly to the tubular 
portion (Fig 4), particularly to the proximal convoluted tubules (as now identi- 
fied by its brush border) In contrast to the tubular growth, there was a 
progressive diminution in the amount of the mesenchymal tissue and m the 
concentration of glomeruli as indicated by the number per low power field As 
m the smaller fetuses, the principal site of both tubular and glomerular de- 
velopment was found to be in the peripheral sections of the kidney 
In metanephra of fetuses over 100 mm m length, a rapid growth and exten- 
sion of collecting duct epithelium was observed, which axtended from the be- 
ginning pelvis of the kidney and radiated outwards, toward the periphery 
Here again, extensive study of many sections of metanephra taken from 
fetuses varying from 20 to 300 mm in length failed to reveal any accumulation 
of cells m a juxtaglomerular position which could be considered secretory in 
function As can be seen in Fig 5, the afferent glomerular arteriole invariably 
was found to be devoid of any specialized, granular cells In view of these 
observations, it was concluded that the fetal metanephros lacked the juxta- 
glomerular accumulation of granular cells described by Goormaghtigh (7) in 
the kidney of the adult rabbit. 

Complete transverse sections of metanephra taken from fetuses of vaiying 
length were examined for the number of mature glomeruli they contained per 
low power field (magnification, 100 times) The entire kidney section was 
divided into areas approximating the diameter of the low power field The 
average number of glomeruh per low power field obtained in this manner was 
averaged with similar results obtained from other counts of metanephnc tissue 
from fetuses of similar size It was found that the metanephnc kidney from 
fetuses of 25 to 49, 50 to 74, 75 to 99, 100 to 199, and 200 to 300 mm lengths, 
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contained an average of 14, 11, 9, 9, and 8 mature glomeruli respectively, per 
low power field, indicating that the number of glomeruli per gram of kidney 
tissue decreased with advancing fetal development 

TABLE I 


The Renin Content of Uesontpkric Kidney at Various S!a[u of Fetal Growth 


Lentth of 
fctai 

Fet»l Udney 
extract 

Red plait 
dot 

Extract 
Injected (/*». 
fic*h kidney) 

Meta arterial 
blood preaama 

Prewor effect (JUH 
per pn. kidney) 

Before 

lajtetlon 

After 

Inlectkn oi 
fetal kidney 
extract 

Mm 




«« Ug 

m m Ei 

mm Eg 


21 S 

42 

5 0 

144 

160 

3 2 


21 S 

38 

5 0 

118 

146 

5 6 


149-S 

12 

5 0 

128 

148 

4 0 


149-S 

46 

5 0 

126 

142 

3 2 



Average 4 0 


12 S 

0 

10 4 

160 

181 



12-S 

0 

8 3 

130 

160 



64-S 

10 

5 0 

106 

126 


25 to 49 

64-S 

38 

5 0 

130 

146 



CAS 

38 

5 0 

140 

155 



10O-S 

23 

5 0 

155 

178 



IMPS 

45 

5 0 

110 

134 

4 8 



Average 3 6 


69- S 

23 


86 

115 

2 9 


69-S 

19 


145 

164 

1 9 



3 


123 

133 

1 0 



42 


152 

170 

1 8 


115-S 

10 

so 

108 

132 

4 8 




Average 2 5 


25-S 

33 

S 0 

138 

143 

1 0 


25-S 

42 

5 0 

148 

143 

0 

75 to 99 

25-S 

42 

10 0 

150 

168 

1 8 


25-S 

38 

5 0 

150 

152 

0 4 


150-S 

26 

10 0 

138 

148 

1 0 


150-S 

10 

12 0 

104 

116 

1 0 



Average 0 86 


The Amount of Pressor Substance in ike Mesonephros 
As can be seen m Table I and Text fig 1, the mesonephric tissue of the hog 
fetus contained a pressor substance effective in the dog which decreased in 
potency per gram of fresh tissue as the length of the fetus increased Thus, it 








312 


SITE OF RENIN FORMATION IN KIDNEY HI 


was found that two extracts, obtained from the mesonephra of fetuses between 
17 and 24 mm m length when tested four times on four dogs, caused an average 
nse in blood pressure of 4 0 mm Hg per gm of fresh mesonephros The aver- 
age rise in blood pressure following the injection of three different extracts ob- 
tained from mesonephra of fetuses between 25 and 49 mm m length was 
found to be 3 6 mm Hg per gm of fresh mesonephros Three extracts ob- 
tained from the mesonephra of fetuses between 50 and 74 mm m length, tested 
five tunes on five dogs, effected an average rise m blood pressure of 2 5 mm Hg, 
while the two extracts obtained from the degenerating mesonephra of fetuses 



Text-Fig 1 The pressor effect of mesonephric and metanephnc extracts from hog 
fetuses of increasing length upon the dog Also the relation of metanephnc glomeruli 
per low power field (X 100) to the size of the fetus 

between 75 and 99 mm in length, effected an average nse m blood pressure of 
but 0 86 mm Hg per gm of fresh mesonephros 

The Amount of Pressor Substance m the Metanephros 

AJ1 metanephnc kidneys contained a pressor substance in good amount’ 
whatever the length of the fetus from which they came The concentration 
increased with the age of the fetus as is not the case in the mesonephros Thus, 
an extract obtained from metanephra of fetuses from 25 to 49 mm m length 
(Text-fig 1 and Table H), when tested four tunes on three dogs, effected an 
average blood pressure nse of but 2 3 mm Hg per gm of fresh metanephros, 
whereas five extracts obtained from the metanephra of fetuses varying from 
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Tkt Renin Content of Metanepkric Kidney at Various Stoics of Fetal Growth 


Lenth 
c i fettu 

TeUlkklaty 
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Red pi cut 
dog 
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— E t 


23-T 

2 

4 9 

124 

136 

2 5 


23-T 

45 

4 9 

128 

140 

2 5 


23-T 

45 

4 9 

140 

150 

2 0 


23-T 

38 

4 9 

132 

142 

2 0 



Average 2 3 


43-T 

0 

15 9 

132 

154 

1 4 


91 T 

3 

5 0 

112 

126 

2 8 

mfllKWfl 

91 T 

42 

5 0 

154 

166 

2 4 


50-T 

75 

7 8 

145 

165 

2 6 


65-T 

21 


140 

164 

2 4 


115-T 

4 

5 0 

148 


4 4 



Average 3 1 


1 

17 

4 4 

125 

155 

6 8 


1 

16 

5 5 

120 

138 

3 3 

75 to 99 

1 

18 

8 8 

130 

180 

5 7 


\-6 

9 

10 0 

156 

194 

3 8 


66-T 

9 

10 0 

130 

166 

3 6 



Avermge 4 6 


6 

7 

5 5 

135 

169 

6 1 


22 

13 

5 5 

122 

148 

4 7 


22 

14 

5 5 

140 

165 

4 6 


94 -T 

3 

5 0 

94 

126 

6 4 

100 to 199 

147 T 

24 

5 0 

125 

144 

3 8 


147 T 

00 

5 0 

150 

170 

4 0 


147 T 

0 

5 0 

148 

187 

7 8 


147 T 

26 

5 0 

127 

151 

4 8 


1S5-T 

94 

5 0 

140 

160 

4 0 



Average 5 1 


95-T 

3 

5 0 

123 

143 

4 0 


95-T 

3 

5 0 

128 

148 

4 0 


95-T 

42 

5 0 

142 

178 

7 2 


148-T 

10 

5 0 

130 

190 

12 0 


148-T 

38 

2 5 

134 

164 

12 0 


142 T 

26 

5 0 

123 

175 

10 4 


142 T 

24 

5 0 

118 

166 

9 6 


142 T 

94 

5 0 

137 

175 

7 6 

200 to 300 

XT 

94 

5 0 

123 

158 

7 0 


\T 

26 

5 0 

136 

188 

10 4 


\ T 

24 

5 0 

128 

180 

10 4 


160-A 

26 

5 0 

114 

190 

15 2 


160- A 

26 

5 0 

132 

172 

8 0 


160-B 

21 

5 0 

148 

176 

5 6 


160-B 

46 

5 0 

130 

164 

6 8 


171 T 

12 

5 0 

13S 

172 

6 8 


171 T 

26 

3 2 

134 

150 

5 0 



Average 8 3 
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SITE OF RENIN FORMATION IN KIDNEY m 


50 to 74 mm m length, when tested six times on six dogs, effected an average 
blood pressure rise of 3 1 mm Hg per gm of fresh tissue Further, it was 
found that three extracts obtained from the metanephra of fetuses from 75 to 99 
mm m length caused an average rise of 4 6 mm of Hg per gm of fresh meta- 
nephros m the blood pressure of the four dogs tested This progressive increase 
m the concentration of pressor substance continued with the growth of the 
fetus Five extracts ob tamed from the metanephra of fetuses from 100 to 199 
mm in length were tested on nine dogs and it was observed that a rise m blood 
pressure of 5 1 mm Hg per gm of fresh metanephros was the average result 
Finally, the average rise m blood pressure obtained by the injection of 10 dogs 
with 17 injections of seven different extracts obtained from the metanephra of 
fetuses varying from 200 to 300 mm was '8 3 mm Hg per gm of fresh meta- 
nephros This latter potency closely approached that of the adult hog kidney 
cortex, which was found to be 8 8 mm Hg per gm of fresh kidney cortex 

The Identification of the Pressor Substance Found in Fetal Renal Tissue As Renin 

The pressor substance found in both the mesonephric and metanephnc tissue 
of the developing fetus appeared to be identical with rerun, whatever the length 
of the fetus Extracts obtained from mesonephric tissue of fetuses varying 
from 17 to 75 mm m length and from metanephra of fetuses from 25 to 300 mm 
m length exhibited a pressor effect which, (a) was uniformly slow in beginning 
but lasted over 10 minutes, ( b ) was not inhibited by the prior intravenous ad- 
ministration of cocaine, and (c) was abolished by the prior establishment of a 
tachyphylaxis to known hog renin m the recipient dog Conversely, it was 
established that dogs which had received repeated injections of these fetal 
extracts became tachyphylactic to further injections of fetal extracts and to in- 
jections of known hog renm 


DISCUSSION 

The degeneration of the mesonephros and the growth of the metanephros in 
the developing hog fetus were found to be characterized by differential de- 
generation of the tubular component m the former and its growth in the latter 
type of kidney The number of glomeruli of the mesonephros remained un- 
changed despite the tubular decay, whereas those of the metanephros decreased 
per unit area as tubular proliferation went on Furthermore, the amount of 
rerun extracted from these two types of kidney, was found to decrease with 
tubular necrosis and to increase with tubular hyperplasia, despite the condition 
or number of functioning glomeruli present Thus, the effective rerun content 
per gram of tissue decreased nearly fourfold in the degenerating mesonephros 
at the same time that the number and function of glomeruli did not change, 
and conversely the renm content per gram of tissue increased nearly fourfold 
in the developing metanephros at the same tame that the number of glomeruli 
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per unit area (and presumably per unit weight) decreased 40 per cent This 
indicated clearly that the production of renin was independent of the artenolo- 
glomerular component of the fetal mammalian kidney and varied directly 
with tubular mass 

Since the results of our present studies indicate that the tubular epithelium 
of both mesonephros and metanephros is responsible for the formation of renin, 
it is interesting to speculate upon which section of the tubule is directly con 
ceraed The presence of rerun in both the metanephros and mesonephros and 
the absence of the loop of Henle and extensive collecting duct epithelium m the 
latter tissue suggest that these portions of the tubules are not responsible for 
renin production Eliminating the loop of Henle and collecting duct 
epithelium by this consideration, only the convoluted tubular epithelium re 
mams os the probable site of formation of renin. It should be noted that it 
was precisely this type of epithelium which was observed to increase differ 
entially in the growing metanephros At this time, however, it is still uncertain 
which portion of the convoluted tubules, the proximal or distal or both, is 
involved m the formation of renin 

CONCLUSIONS 

1 Renin was found in both the mesonephric and metanephne kidneys of 
the smallest hog fetuses examined These were from 17 to 24 mm. in length 
m the case of the former, and 25 to 49 mm m that of the latter 

2 No evidence was found in either type of kidney of juxtaglomerular cells 
described by Goonnaghtigh as the probable site of renin formation 

3 The rerun content in both the mesonephros and the metanephros was 
found to be independent of Its artenologiomerular component but directly de- 
pendent upon the number, size, and functional state of the tubular component. 
It increased in amount with increasing tubular proliferation during the course 
of embryonic development, and decreased with the progressive tubular atrophy 
and degeneration incident thereto 

4 The site of renin formation is discussed. 

The authors wish to express their thanks to Eleanor Kruger and Dr J Sugarman for 
valuable assistance. 
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SITE OP RENIN FORMATION IN KIDNEY m 


EXPLANATION OF PLATES 
Plate 23 

Fig 1 The mesonephros of a hog fetus, 20 mm m length Note the large glomer- 
ulus which contains nucleated red blood cells The tubular epithelium appears m 
good condition and of a cuboidal type Compare tubules with those shown in Fig 2 
Hematoxylin and eosin X 200 

Fig 2 The mesonephros of a hog fetus, 66 mm m length In this section, necrotic 
tubular epithelium, intact, red-blood-cell-contaming glomeruli, and invading epigeni- 
tahs (upper right) can be seen The glomeruli do not disappear until all tubular 
epithelium has been replaced by this latter type of tissue Hematoxylin and eosin 
X 100 

Fig 3 The metanephros of a hog fetus, 26 mm m length Note the large number 
of glomeruli, both mature and immature, as compared with the immature tubular 
epithelium widely separated by mesenchymal tissue Collecting duct epithelium can 
also be seen Hematoxylin and eosin X 100 





Plate 24 

Fig 4 The metanephros of a hog fetus, 175 mm in length Note the abundance 
of mature appearing tubular epithelium and the decrease m mesenchymal tissue and 
glomeruli m this section Hematoxylin and cosin X 100 

Fig 5 The'glomerular afferent artenole m the metanephros of a hog fetus, 66 mm 
in length It is seen to be devoid of any type of cell other than the simple, flat cells 
composing its wall Red blood cells can be seen both in the artenole and m the 
glomerulus Hematoxylin and cosm X 400 
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RELATION OF CYSTINE SULFUR TO LIVER LESIONS 


These 3 compounds, /-cystine, cysteic acid, and taurine possess an amino group 
separated from a sulfur molecule by a 2 carbon chain If the hver lesions 
caused by cystine and cysteic acid were due to this structural s imilar ity, taurine 
should also produce the hver lesions 

The present experiments attempt to define the structural relation of the 
cystine sulfur to the production of hver lesions The general behavior and the 
lesions noted in rats fed large amounts of cysteic acid, (//-methionine, and 
taurine are described 


Methods 

Albino rats of both sexes and various ages were employed Although pre- 
vious cystine studies (4, 5) were carried out on 6 week old male rats, unpub- 
lished observations indicate that cystine hver damage may be produced m rats 
regardless of age or sex 

Cysteic acid was made from /-cystine by the bromine oxidation method and was fed 
as the sodium salt The (//-methionine and taurine were obtained from the Eastman 
Kodak Company The sulfur content of IS per cent cysteic acid is approximately 
equal to that of 10 per cent cystine Cysteic acid, in a concentration of 1 25 to 15 per 
cent in the McCollum stock diet, was fed to 15 rats The food intake of each rat was 
restricted to 8 gm a day 6 4 to 12 4 per cent (//-methionine was added to the Mc- 
Collum stock diet and fed to 26 rats 12 4 per cent (//-methionine contains the same 
amount of sulfur as 10 per cent cystine The daily food consumption of only 2 of the 
(//-methionine fed rats was measured and averaged 3 1 gm. a day, considerably below 
normal The food consumption of the remaining rats also appeared to be low 
Taurine was fed as 1 to 10 per cent of the McCollum stock diet to 130 rats The daily 
food consumption was restricted to 10 gm 

Tissues from each rat were obtained at intervals after the onset of the feeding ex- 
periment and were fixed m Zenker’s fluid and 10 per cent formalin 

Liver fat was measured in some of the methionine experiments by an ether extrac- 
tion method (4) 


RESULTS 

Cysteic Acid — Five rats were fed cysteic acid as 1 25 per cent of the diet, 
5 were fed cysteic acid as 6 25 per cent of the diet, 2 as 12 5 per cent of the diet, 
and 3 as 15 per cent of the diet All animals were sacrificed after 8 to 14 days 
of this feeding 

General Condition None of the rats fed cysteic acid died and all appeared to 
be in excellent condition at the tune of sacrifice They each received 8 gm of 
food daily The 10 rats fed 1 25 or 6 25 per cent cysteic acid mamtamed their 
weight The 5 rats fed 12 5 to 15 per cent cysteic acid lost 7 to 43 gm Five 
control rats fed 8 gm per diem of the McCollum stock diet without cysteic acid 
lost 2 to 29 gm m the same time 

Pathological Findings When the concentration of cysteic acid in the diet was 



DAVID P EAJOE, JR., KATHARINE SMULL, JOSEPH VICTOR 


319 


-6-25 per cent or less, it produced no anatomical changes However, 12.5 to 
15 per cent cysteic aad produced liver lesions in all 5 rats The lesions re- 
sembled those described as due to /-cystine (4), particularly when 10 per cent 
/-cystine was fed in the McCollum stock diet (5) There was some portal 
necrosis of liver cells with varying degrees of portal fibrosis. In 2 instances the 
cirrhosis was evident from the gross appearance The livers of these 2 rats had 
finely granular capsules and the cut surfaces showed fine intercommunicating 
scars co nfin ed to the portal areas A conspicuous microscopic feature was the 
extensive proliferation of bfle ducts m some of the scarred areas (Fig 1) The 
livers of the other 3 rats showed no gross changes. Histological examination, 
however, revealed numerous scarred portal areas with some proliferation of bile 
ducts The portal scarring appeared to be due to both condensation fibrosis 
and connective tissue proliferation. The lack of changes visible in the gross in 
these 3 instances was due to the fact that the portal scarring showed little in 
tercommumcation with adjacent areas or extension into surrounding pa 
renchyma The liver cells were often hypertrophied but they showed little 
vacuolization and no fatty infiltration A noteworthy trait was the absence of 
hemorrhage 

dl Methionine —A total of 26 rats were fed excess amounts of dl methi 
onine One rat received dl methionine as 6 4 per cent of the diet while all the 
other rats were fed 10 or 12 4 per cent dl methionine 

General Condition Unlike the rats fed large amounts of cysteic acid, the rats 
fed dl methionine ate poorly and after several days appeared llL They all lost 
weight rapidly averaging 5 0 gm a day This was equivalent to a daily decline 
of 5 6 per cent of the original body weight One rat lost 47 per cent of its 
original body weight m 13 days 

There was a considerable mortality among the rats fed excess dl methionine 
Disregarding the 14 rats sacrificed during the first 5 days, 8 of the remaining 12 
rats were dead by the end of 1 week. One rat lived 17 days and was then 
sacrificed Three of the 4 rats that survived more than 7 days were adults, all 
other rats in this experiment being 6 to 8 weeks of age. 

Pathological Findings The rats usually showed evidence of severe weight 
loss m the diminution or absence of subcutaneous and mesenteric fat and in the 
moderate to severe dehydration The liver and spleen almost invariably were 
decreased in sire and had sharp edges. The liver capsule was smooth, clear, 
and transparent and the organ had a dark brown color In 2 instances the 
edges of the liver were greyish yellow m color and had a translucent appearance 
This translucent portion was wedge-shaped on cross-scctlon with the base of the 
wedge away from the liver margin (Fig 2 This photograph shows the liver 
of a rat fed 10 per cent dl methionine for 4 days.) The liver parenchyma was 
very friable. 

The essential change in the liver was the extreme atrophy of the liver cells 
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noted in 24 of the 26 rats fed excess df-methionine The diameter of the cells 
was much reduced and the cytoplasm was very 1 dense and granular The nuclei 
were also reduced in size, although this shrinkage was relatively less than that of 
the cells The nuclei showed changes m the distribution of the chromatin 
which was condensed and often deposited at the periphery of the nucleus The 
central nucleolus was more conspicuous than usual The space between the 
nucleolus and the nuclear wall had very httle stainable material Fig 3 is a 
photograph of atrophic liver cells of a df-methionine fed rat For comparison, 
Fig 4 shows the same magnification of the normal hver cells of a rat fed the 
same McCollum stock diet without the df-methionme supplement The 
greyish yellow translucent parenchyma seen in the fresh hver in 2 instances 
showed much more severe atrophy than was seen elsewhere No necrosis or 
other degenerative changes were evident, even m these areas In one rat, a few 
isolated necrotic cells with hyalimzed cytoplasm and dense pyknotic nuclei 
were scattered throughout the hver without any relationship to the lobular 
structure No fibrosis, bile duct proliferation, or jaundice was found The 
hver fat was much reduced in 7 methionine fed rats sacrificed after 4 to 6 days of 
feeding It varied from 0 7 to 1 6 per cent of the whole fresh hver substance 
with an average of 1 2 per cent, in contrast to the livers of 12 control normal rats 
which had a range of 3 0 to 4 5 per cent (5) 

An attempt to quantitate the degree of hver atrophy was made by counting with a 
microscope the number of portal spaces in 10 consecutive fields At a magnification of 
100 the average number of portal areas in 7 normal livers ranged from 1 2 to 3 6 per 
field with a mean of 2 2 In the 26 methionine fed rats the average number of portal 
areas ranged from 1 4 to 8 9, with a mean of 4 7 Of these, the 2 normal appearing 
fivers of the methionine fed rats had average numbers of portal areas of 1 4 and 2 6 
respectively The remainder ranged from 3 1 to 8 9 One obvious source of error in 
the evaluation of the number of portal areas is the degree of distention of the hver 
sinusoids In spite of this, however, the number of portal spaces in a unit area was 
much greater m the fivers of the dl-methiomne fed rats than m the rats fed the control 
McCollum stock diet 

The spleen showed microscopic evidence of atrophy, namely decrease in size 
of the Malpighian bodies, decrease in the number of cells in the pulp, and con- 
densation of the pulp structures m 15 of the 22 cases examined Hemorrhage 
was present m the pulp of one spleen and congestion of the sinusoids was prom- 
inent in another 

The kidneys were atrophied in only 3 oi the 26 cases These 3 instances oc- 
curred in rats showing the most extreme hver atrophy, the average number of 
portal areas in these fivers being 6 3, 8 0, and 8 9 per low power field respec- 
tively Dilatation of the convoluted and collecting tubules was the most 
usual alteration m the kidneys and occurred m half the df-methiomne fed rats 
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The epithelial cells of these tubules were small, vacuolated, and had a baso- 
philic cytoplasm In one case, several mitotic nuclei were found among these 
vacuolated epithelial cells. Hyaline droplets were not seen in these cells. The 
glomeruli were not altered. 

In 3 instances the stomach had submucosal hemorrhages in the antral portion 
beneath the squamous cell lining The fundus showed no changes 

The lung3 showed no specific lesions Heart, testes, and pancreas were 
normal. 

The results with feeding df-methionme, as far as studied, were not influenced 
by the diet in which the ^/-methionine was administered. It has been found 
that /-cystine fed m a low protein, low fat diet produced more severe liver 
lesions than when fed m the McCollum stock diet (5) For this reason, 5 rats 
were fed 10 per cent methionine m the same low protein, low fat diet This diet 
consisted of 5 parts of casein, 3 of lard, 2 of cod liver oil, 5 of brewer's yeast, 4 
of salt mixture, 10 of dl methionine, and 71 of sucrose. This low protein, low 
fat diet did not influence the effect of the 10 per cent methionine 

Taurine — Rats weighing 80 to 100 gm were fed excess amounts of taurine. 
This was fed as follows 29 females— 1 per cent taurine for 6 weeks, 68 females 
— 2 5 per cent taurine for 8 weeks, 10 males — 10 per cent taurine for 7 weeks, 
20 females — stock diet without taurine for 7 weeks The food intake was 
restricted to 10 gm. daily 

General Condition The rats ate all their food and grew as well as their con 
trols 

Pathological Findings There were none m any of the organs examined which 
included liver, spleen, kidney, heart, aorta, lung, suprarenal, pituitary, thyroid, 
ovaries, testis, uterus, and brain 

discussion 

The above data show that excess dietary cysteic acid produces portal necrosis 
and cirrhosis similar to that caused by comparable amounts of dietary /-cyBtme- 
(4, 5) The ingestion of similar amounts of methionine or taunne did not pro- 
duce such liver lesions Urinary sulfate is formed in large amounts from Z- 
cystine and dl methionine feeding but not from cysteic acid (5) Since feeding 
/-cystine or cysteic acid produces liver necrosis and cirrhosis these lesions are not 
dependent on either the S-S grouping of cystine, the degree of oxidation of the 
sulfur m the cysteic add, the formation or excretion of urinary sulfate which 
occurs with /-cystine and JZ-methiomne but not with cysteic acid, or the pres- 
ence of the ammo group and S molecules separated by a 2 carbon chain in the 
cystine, cysteic acid, or taunne. 

The general reaction of rats fed 1.25 to 15 per cent cysteic acid differed from 
those fed similar quantities of cystine Rats fed large amounts of cysteic add 
ate 8 gm of food daily while those receiving similar concentrations of /-cystine 
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ate only about 3 gm daily (5) Those fed 12 5 to 15 per cent cysteic acid did 
not appear ill and none died within the 2 weeks during which they were studied 
In contrast, the mortality during the first 2 weeks of 10 per cent /-cystine feed- 
ing varied from 71 to 100 per cent depending on the basal diet (5) 

The atrophy of the hver caused by feedmg excess amounts of (//-methionine is 
a most striking change Although the food intake of the (//-methionine fed rats 
was not measured, the atrophy was certainly not due to starvation alone, since 
it was present m the livers of rats fed the (//-methionine for only 2 days In the 
two instances in which the food intake was measured it was 3 1 per 100 gm 
body weight daily Six rats weighing about 100 gm were fed 3 0 gm of the 
stock diet for 2 to 6 days and showed no such atrophy The severe general de- 
hydration may have played some part m shrinking the hver cells, but if so, this 
effect appears to have been relatively specific for the hver since it occurred less 
frequently m the spleen and rarely in the kidney (//-Methionine is acted on 
directly by hver cells (10) Unpublished observations show that the excised 
livers of (ZZ-methionine fed rats have an increased metabolism as compared with 
livers fed the stock diet alone The hver atrophy may be a reaction to this in- 
creased metabolism 

In spite of the usual severe atrophy of the hver and spleen, and occasional 
atrophy of the kidney, there is no apparent anatomical lesion that offers an ex- 
planation for the fatal outcome due to feeding excess (//-methionine 

SUMMARY AND CONCLUSIONS 

1 Cysteic acid fed to albmo rats as 12 5 to 15 per cent of the McCollum stock 
diet caused portal necrosis and cirrhosis of the hver within 2 weeks Concen- 
trations of cysteic acid of 6 25 per cent or less m the diet produced no hver 
lesions within 2 weeks 

2 (//-Methionine fed as 6 4 to 12 4 per cent of the McCollum stock diet or of a 
low protem, low fat diet, resulted m severe atrophy of the hver cells but no 
cirrhosis of the hver 

3 Taunne fed as 1 to 10 per cent of the McCollum stock diet produces no 
hver lesions 

4 For reasons discussed m the paper, it is concluded that the hver necrosis 
and cirrhosis produced by cystine and cysteic acid are not dependent upon the 
S-S linkage of the cystine, the oxidation of the sulfur, the formation and ex- 
cretion of large amounts of urinary sulfate, or the presence of an ammo group 
separated from a sulfur molecule by a 2 carbon chain 
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EXPLANATION OF PLATE 25 

Fig 1 Cirrhosis of the liver following ingestion of 15 per cent cysteic acid for 8 
days Fibroblast and bile duct proliferation in the portal areas with relatively shght 
liver cell necrosis Hematoxylin and eosm stain Magnification X 100 

Fig 2 Liver atrophy in rat fed 10 per cent df-methiomnc for 4 days The edges 
appeanng as light grey in the photograph were yellow m the fresh organ, while the 
remainder was brown The white areas on the surface of the liver are reflections 
from the light source Natural size 

Fig 3 Atrophy of liver cells in rat fed 10 per cent dl-methionme m McCollum 
stock diet for 4 days Hematoxylin and eosm stam Magnification X 460 

Fig 4 Normal liver cells of rat fed McCollum stock diet. Hematoxylin and eosm 
stam Magnification X 460 




(Earle tt al Relation of cystine sulfur to liver lesions) 
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STUDIES ON EASTERN EQUINE ENCEPHALOMYELITIS 
VL Facilitation of Infection in tttf. Mouse* 
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(From the Laboratory of the Fairfield State Hospital, Newtown, Connecticut, and the 
Department of Pathology, Yale University School of Medicine New Haven, 
Connecticut) 

(Received for publication, June 8 1942) 

Fued strains of neurotropic viruses are characterized by relative inability to 
enter the central nervous system after peripheral inoculation In previous 
communications (1) it was emphasized that a fixed strain of equine encephalo- 
myelitis virus had very weak invasive powers when injected subcutaneously, 
intramuscularly, or intravenously The incidence of infection after intra 
muscular inoculation could be sharply increased by the injection of SO per cent 
glycerine rntrapentoneally m adequate amounts (1) The present paper at 
tempts to determine under what conditions this phenomenon is operative, 
whether it can be produced by other agents, and to gain some suggestions as to 
the mechanism involved. 


Methods 

In the present study the same strain of fixed EE virus used previously was cm 
ployed The material used for inoculations was infected mouse brain tissue emulsi 
fied 1 10 in sterile buffered salt solution, and ccntnfuged to throw down the coarse 
particles. This stock suspension (10°) or appropriate decimal dilution was used. 
For propagation of the virus albino mice of the Rockefeller Institute strain, the 
same as that employed in previous studies, was employed For experimental animals, 
Swiss mice, purchased in uniform lots from a single dealer were used. These a nim a l s 
were all 12 to 13 weeks of age and had an average weight of about 22 gm. Thar 
susceptibility to the virus determined by titration was no less than that of the strain 
used for previous publications. In all experiments in which virus was given intra 
musculariy, a standard dose of 0.25 cc. of suitable dilution was employed 

Facilitation Effect 

In the original experiments leading to the observation of the facilitation 
effect, the 50 per cent glycerine was injected rntrapentoneally However the 
same effect could be produced if glycerine were given intramuscularly, as 
illustrated in the first experiment in Table I The dosage given is of con 
siderable importance It was previously shown (1 o) that too small doses 
had no effect whatever on the action of the virus. The optimal dose, as shown 

* Aided by a grant from the Fluid Research Fund of the \ ale University School of 
Medicine 
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in Experiment 2, Table I, was found to be 0 30 to 0 35 cc of a 50 per cent 
solution Larger amounts resulted m a too great immediate mortality, that 
is, the injected animals died within a few hours, indicated in the tables by the 
symbol X 

It was of interest to determine the maximal dilution of virus with which 
this effect could be obtained As seen in Table I, Experiment 3, in the control 
group only a small percentage died after the undiluted (or 10°) suspension 


TABLE I 


Experi 

ment 

No 

1 

Route of glycerine 
administration 

Dose of 
glycerine 

DDation i 
of virus 
suspen 1 
sion 

Results 



cc 




Intrapentoneal 

0 25 


3, 3, 3, 3, 4, 4, 4, X, X, X, X 

i 

Intramuscular 

0 25 

10° 

2, 3, 3, 3, 4, 4, 4, 0 


None — control 

None 


0, 0, 0, 0, 0, 0, 0, 0 


Intramuscular 

0 30 


2, 3, 3, 3, 3, 3, 3, 4, 4, 5 

2 

Intramuscular 

0 40 

10° 

3, 3, 3, 4, X, X, X, X, X, X 


None — control 

None 


4, 6, 0, 0, 0, 0, 0, 0, 0, 0 


Intramuscular 


10° 

3, 3, 3, 3, 3, 4, 0, 0, 0, 0 


None — control 


1 

3, 4, 0, 0, 0, 0, 0, 0, 0, 0 


Intramuscular 

II 

1 0 30 

i 

1 

10- 1 

2, 3, 3, 3, 3, 4, 5, 0, 0, 0 


None — control 


0, 0, 0, 0, 0, 0, 0, 0, 0, 0 


Intramuscular 

li 

10-» 

2, 3, 3, 0, 0, 0, 0, 0, 0, 0 


None — control 



N T 


2,3,*= mouse died within 48, 72 hours after inoculation (etc ) 

0 => mouse survived 

X => mouse died within a few hours after inoculation Death not due to virus action 
N T =» not tested 

None at all died with the next higher decimal dilution Animals receiving 
glycerine showed a significant mortality rate with suspensions of 10° and 10 -1 , 
but in the next higher dilution the mortality was low, comparable to the 10° 
control group In quantitative terms it can therefore be said that the glycerine 
treatment increased the effective titer not more than 100 times 

Mice after receiving glycerine show a fairly definite picture, consisting first of rest- 
lessness, followed by a penod of apathy in which they sit with markedly ruffled fur 
This stage is generally succeeded by definite prostration, interrupted by convulsive 
jerks and twitchmgs and sometimes frank generalized convulsions Some animals 
succumb in this penod but the others gradually recover Those that survive 18 hours 
are indistinguishable from normal animals until the action of the virus makes itself 
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manifest Too small a dose of glycerine not leading to obvious signs, does not facili 
tate virus action. 

When the glycerine is injected into one of the hind legs a great edematous swelling 
of the affected leg occurs in the course of ^ to 1 hour Some measure of the changes 
going on within the animal was sought Since the edema clearly Indicated a redis- 
tribution of fluid, attempts were made to excise in sy mm etrical fashion the edematous 
and control legs and by weighing determine the amount of the fluid exudations. 
After numerous trials however, this method was discarded as not sufficiently accurate 
for use in such a small animal. 

Blood Changes 

Since the variations In the red blood count have yielded valuable information in 
numerous experimental studies on shock, large numbers of determinations were made 
on mice but this method too was not satisfactory Blood was drawn from the tail 


SPECIFIC GRAVITY OF MOUSE BLOOD 



veins before and after administration of glycerine. The red count of untreated 
mice, given free access to water varied between 8 and 12 million cells. After the 
administration of glycerine in the majority of instances blood would not flow from the 
tail vein at alL At first a brachial vein was exposed and incised under ether anes- 
thesia and the freely flowing blood utilized However, comparative counts on the 
same animal using blood simultaneously from the tail and from the brachial vein 
showed poor correlation. Invariably the blood from the tall was more concentrated, 
ranging from 250,000 to 2 000 000 more red blood cells per c.mm. and having a specific 
gravity 0 002 to 0 007 greater than blood flowing freely from the brachial vein 
Blood from the tail vein was not considered satisfactory and enumeration of red blood 
p»Hg was not deemed sufficiently accurate m the mouse. 

One measure of fluid change wit h i n the mouse was the determination of specific 
gravity of whole blood, by the fa l ling drop technique of Barbour and Hamilton (2) 
The blood was taken from the brachial vein since tail blood was not a satisfactory 
index. Multiple successive tests on the same animal before and after the injection 
of glycerine could not be performed Consequently whole groups of mice were ex 
amined, each mouse serving for a single determination. Results are expressed In 
Fig 1 
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In normal mice with free access to water, the range of specific gravity varied 
from 1 051 to 1 061 In another group receiving 0 35 cc of 50 per cent glycer- 
ine, intramuscularly, the blood showed a specific gravity range of 1 059 to 1 069 
The examinations were carried out from % hour to 3 hours after the injection, 
at such a time when the animals showed some symptoms of tremor or other 
systemic disturbance The slight time variation following inoculation had no 
bearing on the result 

It is evident that concentration of the circulatory blood volume is a correlate 
of the action of glycerine There are other less drastic modes, however, of 
producmg this degree of concentration If mice are deprived of water for 48 
hours, the blood becomes more concentrated and the specific gravity increases 
to a range of 1060 to 1069, practically identical with the mcrease produced by 

TABLE H 


Eject of Tlnrst and Glycerine tn Relation to Intramuscular Ftnu 


Expen 

meat 

No 

Treatment 

■ 

Dilution of 
virus ! 
suspension i 

i 

Results 

1 

Thirsted 48 hrs , no glycerine 
Controls, no thirst or glycerme 
Thirsted 24 hrs , plus glycerme 
Glycerme, but not thirsted 

10° 

7, 8, 8, 0, 0, 0, 0, 0, 0, 0 

3, 3, 4, 0, 0, 0, 0, 0, 0, 0 

2, 2, 2, 3, 7, X, X, X, X 

3, 3, 3, 3, 3, 4, 4, 5, 0, X 


Thirsted 48 hrs , no glycenne 
Controls, no thirst or glycenne 

10- 1 

4, 4, 0, 0, 0, 0, 0, 0, 0, 0 

4, 4, 7, 0, 0, 0, 0, 0, 0, 0 


Thirst 48 hrs , no glycenne 
Controls, no thirst or glycenne 

10° 

3, 3, 4, 4, 6, 0, 0, 0, 0, 0 

3, 4, 4, 4, 5, 0, 0, 0, 0, 0 


Animals thirsted for 48 hours received water 14 hours after virus inoculation 


glycerine Such thirsted mice show none of the behavior changes seen after 
administration of glycerine When such thirsted animals are inoculated with 
virus, the rate of death is almost exactly the same as controls, although mice re- 
ceiving glycerme showed the usual facilitation effect (Table II) In the first 
experiment it is seen that animals receiving glycerine were much more suscep- 
tible to virus than those that did not, regardless of whether the latter were 
thirsted or not One group of mice was deprived of water for 24 hours and then 
given glycerine In this condition of partial dehydration the glycerme pro- 
duced a greater initial mortality, but those that survived the initial period suc- 
cumbed to the virus with greater rapidity A partial dehydration through 
deprivation of drinking water renders the facilitation effect from glycerme 
more striking 

In Experiment 2 of Table II further evidence is presented that thirsted 
animals not receiving glycerme behave no differently toward the virus than 
well watered controls 
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Evidently the disturbance of which blood concentration is an index must be 
produced suddenly as by glycerine, since the same degree of hemal concentre 
tion produced gradually by thirst is ineffective m facilitating virus action 

Dehydration oj the Nervous System 

Since the degree of hemal concentration may be m creased to identical levels 
by two different procedures, one of which (glycerine) facilitates virus action 
while the other (thirst) does not, some other differentiating point must be 
sought. The hypothesis was adopted that changes in the water content of the 
brain might be of significance 

To test this hypothesis the following procedure was adopted 

Mice were anesthetized with ether and exsanguinated by section of the brachuil 
arteries and then of the heart. Immediately the brain was removed and weighed in * 
-cru able whose weight had just been determined. The brain was then dried to con 
stunt weight in a hot air oven whose temperature ranged from 90° to 100° but did not 
go above the Utter figure. Tissue remained in the oven at least 48 hours. The weight 
of the dry brain m normal controls as well as m various experimental groups, ranged 
generally from 0 0800 to 0 0975 gm. depending on the amount of tissue removed from 
the skull. The wet weight of the normal brain varied from 0.3610 to 0 4463 gm 
After administration of glycerine, or as is shown subsequently, of strongly hypertonic 
■sodium chlonde the bubal (wet) weight of the brain was sharply reduced, to as low 
as 0.3105 gm After determinabon of the dry weight the results were expressed m 
the ratio of dry to wet brain, that is the percentage of solids 

The solids content of the brain of the normal control mice which had been al 
lowed water ad libitum averaged 22 1 per cent (Fig 2) Brains of mice de- 
prived of all water for 48 hours and then treated identically with the controls 
averaged 22 6 per cent As seen m Fig 2, the values are quite closely bunched 
and the spread not great. The animals into which 50 per cent glycerine was in 
jected intramuscularly, exhibited a much greater spread, with a mean value of 
24.8 per cent solids. The great majority of these animals showed typical 
symptoms of the type described above, and there was a high correlation between 
the seventy of the symptoms, in regard to the tremors and prostration and the 
degree of cerebral dehydration Animals with a percentage solids of 26 per 
cent or greater undoubtedly would have succumbed had they been so allowed. 
Mice which proved to have a lower percentage of solids (*ur , greater amount of 
water) would probably have survived 

Tests with Other Substances and Modes of Administration 

The above evidence suggests than an acute dehydration of the brain is a 
differentiating factor which controls the susceptibility to virus. Thirsted mice, 
m spite of a high concentration of the blood, reacted identically with controls in 
reaction to the vims. These animals showed only a slight diminution in water 
content of the brain Mice receiving glycerine, on the other hand, exhibited a 
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greater drop in water content, expressed m Fig 2 as the percentage solids As - 
already demonstrated, these mice had a considerably enhanced susceptibility 
to virus 

The importance of acute dehydration could be checked in various ways The 
possible local action of glycerine on the tissues at the site of inoculation could be 
eliminated by intravenous administration of glycerine This is an heroic pro- 


PE R. CENT SOLIDS IN MOUSE BRAIN 



Fig 2 

cedure, resulting in immediate death of injected mice m a very high percentage 
of animals, even with a dose of only 0 15 cc of 50 per cent glycerme However, 
in preliminary tests, those that survived the first few hours survived indefi- 
nitely The mice that received glycerme intravenously showed a markedly in- 
creased susceptibility to virus given intramuscularly This is shown in Table 
TTT The treated animals died of encephalitis not only m greater numbers than 
the controls, but after a shorter incubation period 
Acute dehydration of the tissues can be produced by any strongly hyper- 
tome solution parenterally injected Experiments were earned out with a 30 
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per cent solution of sodium chloride, injected in a dose of 0.30 cc intramus- 
cularly Virus was given simultaneously to these and also to control animals. 
The injection of the salt caused a high immediate mortality, wi thin a few hours. 
The survivors however all succumbed to encephalitis. In two experiments, 9 
of 9 treated animals died of encephalitis with typical and unmistakable signs, 
while only 1 of 20 controls died These data are presented m Table IV Ad 
ditionai data are given in Table V 

The intramuscular injection of strong salt solution resulted similarly to 
glycerine in its effect on the specific gravity of the blood and the water content 
of the brain In Figs 1 and 2 are presented the results The animals treated 


TABLE Kt 

Intravenous Administration of Glycerine in Rdaiion to Intramuscular Injtcticns of Virus 


Experiment No. 

Mktwfth |lyt*ria« 

Control* 

1 

333334440 

4000000000 

2 

2 2 2 3 3 3 4 

3344500000 


Animals dying immediately after the glycerine injection ait not recorded. 


TABLE IV 

Intramuscular 30 Per Cent Sodium Chloride in RdaUon to Intramuscular Virus 


Experiment No. 


Dilution of 
vinu 

With wit 

10* 

10~* 

3 3 4 4 

3 3 3 3 4 


4 0, 00000000 
0000000000 


Animals dying immediately after the salt injection are not recorded. 


with salt showed somewhat greater scatter than those receiving glycerine Pos- 
sible reasons for this are commented on m the discussion. 

Profound alterations m the electrolyte content of the brain, without sigmf 
icant change of the total water content, may be induced by the injection of dis- 
tilled water or 5 per cent glucose fntrapentoneaUy The latter method was ex 
tensively employed by D arrow and Yannet (3) There is a shift of electrolytes 
into the injected fluid, with, for practical purposes, a temporary loss of such 
electrolytes from the body Preliminary studies showed that for a 22 gm 
mouse an inoculation of 4 0 cc. of either distilled water or of 5 per cent glucose 
was the maximum amount that could be tolerated mtrapentoneally Animals 
so treated showed m the course of a few hours some tremors and prostration, 
although the total picture was not identical with that produced by the injection 
of glycerine or salt. 

Animals subjected to this treatment were inoculated with virus, together 
with suitable controls. Experiments were run using normal controls, glycerine- 
treated and salt treated controls The results are given in Table V In both 
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the experiments there shown, only the groups receiving the strongly hypertonic 
solutions showed significant mortality Considering the two experiments to- 
gether, 22 of 27 mice treated with hypertonic solutions succumbed to virus, 
while of all other groups only 4 of 55 died Determination of brain water 
content of mice receiving 5 per cent glucose mtrapentoneally showed a strictly 
normal range, of 20 8 to 22 3 per cent solids, with a mean of 21 9 per cent in 10 
determinations 

It is evident that the procedures accompanied by acute dehydration of the 
brain were correlated with enhanced susceptibility to virus action, while other 

TABLE V 


Comparison of Glycerine vnth Other Substances in Relation to Intramuscular Virus 


Experi 

ment 

No 

Substance injected 

Place 

Dose 

Results 


Glycerine (50 per 
cent) 

Intramuscular 

cc 

0 35 

3, 3, 3, 4, 4, 5, 5, 0, 0, 0 

i 

Glucose (5 per cent) 

Intrapentoneal 

4 0 

0, 0, 0, 0, 0, 0, 0, 0 


Distilled water 

Intrapentoneal 

4 0 

0, 0, 0, 0, 0, 0, 0 


None — control 

— 

— 

6, 0, 0, 0, 0, 0, 0, 0, 0, 0 


Sodium chloride 

(30 per cent) 

Intramuscular 

0 30 

3, 3, 3, 3, 3, 3, 3, 3 

3, 3, 3, 3, 3, 4, 4, 0, 0 

2 

Glucose (5 per cent) 

Intrapentoneal 

4 0 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0 


Distilled water 

Intrapentoneal 

40 

0, 0, 0, 0, 0, 0, 0, 0, 0 


None — control 

— 


3, 4, 4, 0, 0, 0, 0, 0, 0, 0, 0 


In Experiment 1, undiluted virus suspension was used. 

In Experiment 2, 10" 1 dilution of virus suspension used 

Animals succumbing m a few hours to direct action of injected substances are not included 
m this table 

procedures wherem the brain was not dehydrated, even though profound elec- 
trolyte disturbances were present, showed no increased susceptibility to virus 

Other Modes of Virus Administration 

The slight invasiveness, under normal conditions, of equine encephalomye- 
litis virus, does not apply to mtranasal or intraocular injections The effec- 
tiveness of these modes of inoculation has been previously described and dis- 
cussed (1 a) The problem then arose, would the facilitation effect produced by 
glycerine apply to cases where virus could normally attain the nervous system 
quite readily 

Experiments were earned out, wherem virus suspensions m different dilutions 
were given into the eye or nose of control mice and of those receiving intra- 
muscular glycerine, (0 35 cc of 50 per cent solution) Since the controls would 
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ordinarily succumb, any facilitation effect would be evidenced principally in a 
shortened incubation period, as well as possibly a higher titration end point 
The results are seen in Table VI The animals receiving glycerine appear al 
most identical with the controls The facilitation effect is produced by glycer 
me when the virus is injected intramuscularly, but in cases of mtranasal or 
intraocular injections no facilitating action can be detected, 

TABLE VI 


Intramuscular Glycerine in Reiahon to Intraocular and In Ira nasal Administration of Virus 


Virtu injected 

Dlhtlcn 

With glycerine 

Control 


io-< 

3 

4 

4 

5 5 0 0 

4 

4 

4 

5 

6 

0 

0 

0 


io-« 

3 

3 

3 

4 4 6 0 

3 

3 

4 

4 

5 

5 

5 

0 

Intra ocularly 

10-* 

3 

3 

3 

4 4 4 4 

3 

3 

3 

4 

4 

4 

4 

X 


io-i 

3 

3 

4 

4 4 4 4 

3 

3 

4 

4 

4 

4 

4 

4 


io* ! 




N T 




N 

T 





10~* 

0 

0 

0 

0 X X X X 

0 

0 

0 

0 

0 

0 

0 

0 


10-* 

4 

7 

0 

0 0 0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

Intnmasally 

io~* 

3 

4 

4 

4 4 0 0 \ 

3 

3 

3 

3 

5 

5 

0 

0 


io-» 

3 

3 

4 

0 X X X 

3 

3 

4 

4 

4 

4 

0 

X 


10« 




N T 




N 

T 





DISCUSSION 

The action of glycerine on the animal organism has been exhaustively re- 
viewed by Dei durian (4) The minimal lethal dose for mice has been worked 
out by Leake and Corbitt (5), whose findings are close to our own. They found 
that fmmrnk surviving 24 hours would survive indefinitely, which we have con 
firmed No data m the literature really bear upon the cause of death from too 
much glycerine The present studies indicate that excessive loss of water from 
the brain is a responsible factor Animals with the most pronounced symptoms 
showed the most severe dehydration, A preliminary period of thirst (18 to 
24 hours) rendered animals much more susceptible to glycerine and inaden 
tally, to the virus action following glycerine administration 

Hemoglobinuria is produced in mice by glycerine, but is not a causative fac 
tor in the phenomenon under investigation The use of salt solution causes the 
same facilitation phenomenon with the same degree of brain dehydration, but 
does not result m hemoglobinuria. 

The use of 30 per cent sodium chloride renders most of the mice intensely 
thirsty If water is not furnished until 3 to 4 hours after the injection, about 
80 per cent of the animals die Cuncmsly enough, with water available, some 
of the animals show no inclination to drink while some consume very large 
amounts. It is the latter which furnish the very low values m Fig 2, and show 
no symptoms of shock or prostration. 
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Animals receiving glycerine exhibited far less thirst than the salt group 
This finding is in agreement with the studies of Gilman (6) on the relative ac- 
tions of sodium chloride and of urea 

The way m which the virus, intramuscularly injected, attains the nervous 
system, is not considered m the present paper Sabm and Olitsky (7) have 
presented evidence for the mouse, while the author has considered the mecha- 
nism m the guinea pig (8) Just how the dehydration of the brain allows the 
virus to enter, whereas otherwise it would not, is not at present clear The ab- 
sence of facilitation when virus is instilled mto the nose or injected into the eye, 
suggests a fundamentally different mechanism for these routes than for the 
intramuscular These results are in complete harmony with the author’s pre- 
vious studies on herpes and pseudorabies viruses (1 b), and indicate a sharp 
difference between direct mtraneural route of invasion and mediation of infec- 
tion through the blood stream The effectiveness of glycerme evidently ap- 
plies only to the latter category 


SUMMARY 

50 per cent glycerine injected intrapentoneally, intramuscularly, or intra- 
venously, greatly enhances the activity of equine encephalomyelitis virus in- 
jected intramuscularly, increasing its virulence up to 100-fold The same effect 
is produced by very concentrated sodium chloride The result appears due to ' 
dehydration of the nervous system, suddenly produced Gradual withdrawal 
of body fluids, produced by depnvmg animals of dnnkmg water, results in 
sharp concentration of the blood, equal to that produced by glycerme or salt 
But such deprivation of water alone does not result in significant dehydration 
of the bram, nor does it have any effect on virus action The facilitation effect 
is not produced by drastic procedures involving shifts of electrolytes without 
loss of total water from the bram Glycerme has no facilitating action when 
the virus is administered intranasally or mtraocularly, suggesting a fundamental 
difference m pathogenesis between these routes and the intramuscular 

BIBLIOGRAPHY 

1 (a) King, L S ,J Exp Med , 1940, 71, 95, (6) 1940, 72, 573 

2 Barbour, H. G , and Hamilton, W F , / Biol Chem , 1926, 69, 625 

3 Darrow, D C , and Yannet, H , J Clm Inv , 1935, 14, 266 

4 Deichman, W , Ini Med , Ind Hyg Sect , 1940, 1, 60 

5 Leake, J P , and Corbitt, H B , Bull Hyg Lab ,U S P H S , No 110, 1917, 35 

6 Gilman, A , Am J Physiol , 1937, 120, 323 

7 Sabm, A B , and Olitsky, P K-, Proc Soc Exp Biol and Med , 1938, 38, 595 

8 King, L S ,J Exp Med , 1939, 69, 675 
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Among the authors who have supported the view that antibodies are formed 
in lymph nodes McM aster and Hudach (1) seem to be the only ones who have 
presented evidence which may be regarded as conclusive These authors m 
jected 0 02 cc of solutions of various antigens mtradermally into the ear of 
mice, then excised the regional cervical lymph nodes, ground those of 20 to 30 
mice with sand, and deter min er! the agglutinin titer in the extract By this 
method McMaster and Hudach were able to detect agglutinins m the lymph 
nodes about 1 week after the injections, and m the beginning they found a 
slightly higher titer m the lymph nodes than m the serum or the tissue of the ear 
Excision of the ear 3 hours after injection did not interfere with agglutinin for 
mation. Furthermore, fixation in the injected tissue as described by Menkin 
(2) could be ruled out by injecting different antigens mto the two ears Ac 
cordmgly McMaster and Hudack concluded that agglutinins are formed within 
the draining lymph nodes in mice 

The cells which form antibodies have not yet been definitely identified, al 
though some hold that cells of the reticuloendothelial system are involved 
Sabm (3) suggests that it is the monocyte, the globulin of its cytoplasm being 
transformed by the action of the antigen mto antibody globulin However, 
convincing evidence of this has never been presented On the contrary , there 
are observations which ore not m agreement with this concept- It has been 
observed, for instance, that after large doses of antigen which stimulated probi 
eration of reticuloendothelial elements m various organs the antibody titer 
remained low, whereas with small doses which did not produce visible prohf 
eration of these cells, high titers were obtained (4, 5) Moreover, following 
intravenous injection of staphylococcus vaccine in experimental a n imals the 
nse m antibody titer in the serum has been found to parallel the activity of the 
Malp ighian bodies of the spleen (5) Finally Rich, Lewis, and Wintrobe (6) 
concluded that the large mononuclear cells m the spleen which responded so 
specifically to parenteral injection of foreign protein as to be suspected of rela 

* This investigation was supported in part by ft grant from The Co mmo nwealth 
Fund and was aided by a grant from the Pennsylvania Chapter of the Society 
of Sigma Xi 
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tionship to the process of antibody formation were not histiocytes, but re- 
sembled lymphoblasts in all observed respects Although these cells were not 
necessarily lymphoblasts in the sense of bemg immature lymphoid cells, it was 
conceivable that they were lymphocytes which were greatly enlarged because 
they performed some special function 

In order to arrive at a better understanding of these questions, it seemed 
desirable to gather more precise knowledge of the events that take place m the 
lymph node during antibody formation We therefore compared the produc- 
tion of antibodies and cells in the lymph node, and analyzed the simultaneous 
morphologic changes in the lymphatic tissue It was found that the pophteal 
lymph node of the rabbit was particularly suitable for our investigation because 
it is the sole node that drams the hmd foot, and is large enough to allow a sepa- 
rate study of all parts of the system the local tissue injected with the antigen, 
the afferent lymph, the pophteral lymph node, the efferent lymph, and finally 
the serum 


Material and Method 

The rabbits injected were male Chinchillas weighing about 2000 gm The anti- 
gens used were typhoid bacilli and sheep erythrocytes, and the antibodies determined 
were typhoid-agglutinin, erythrocyte-hemolysin, and erythrocyte-agglutinin For 
control studies in 16 animals the opposite leg was injected with 1 per cent solution 
of crystalline egg albumin while m 9 others the opposite leg was not injected at all 
(Table II) 

The antigens were prepared as follows The typhoid bacilli were taken from an 
18-hour culture of an old laboratory strain 0 901, washed 3 times by centrifugation 
m saline, heated in the 56°C water bath for 1 hour, and then suspended in an ap- 
proximately SO per cent suspension The sheep erythrocytes were collected from 
blood drawn within the week, washed 3 times, and suspended in approximately 50 
per cent suspension In all cases 0 2 cc. of antigen was given subcutaneously in the 
plantar surface of the hmd foot, close to the toes, and the puncture wound was closed 
with collodion Details of the individual experiments are given m Tables I and II 

For the collection of the lymph the animal was anesthetized with amytal, the skin 
of the inner aspect of the knee incised, the semitendmosus and semimembranosus 
muscles cut, and the pophteal lymph node exposed (Text-fig 1) The lymph was 
collected through a 27-gauge needle into a “tuberculin” syringe moistened with 
sodium citrate solution A ligature placed around the lymphatic served to distend 
it and provided a better hold on the vesseL By this method we were able to collect 
from the efferent vessel an average of 0 17 cc. of lymph within 7 minutes, and occa- 
sionally as much as 0 6 cc. m 6 minutes (Tables I and II) After the lymph had been 
obtained the animal was killed by ether Then blood was collected from the heart, 
the lymph node was excised, weighed, and fixed m Helly’s fluid, and finally the sec- 
tions were stained with Azur 13-eosm 

The determination of antibodies presented a technical problem because of the 
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small yields of lymph. Occasionally the amounts collected were too for use 
The dilutions were in 0 1 cc. quantities, usually in steps of two, done as far as possible 
with Kahn pipettes For the respective tests the technique was as follows — 

1 The typhoid bacillus agglutination was done bj incubating equal quantities of 
the dilution of lymph or serum and antigen suspension overnight at 50°C The anti 
gen was prepared from the suspension used for injection, and was quite light. 

2 Two tests were performed in the cases of the erythrocytes. The hemolysin 
test was done by mixing 0 1 cc. quantities each of diluted serum or lymph, 5 per cent 



Text Fig 1 Diagram showing the location of the popliteal lymph node and its 
lymph vessels in the right leg of a rabbit. 

sheep erythrocyte suspenson, and 1 10 pooled guinea pig complement. The mixture 
was made up to OJS cc. with saline and mcnbated for 30 minutes. The agglutination 
tests were done by adding 0 1 cc. quantities of serum or lymph dilution to like quanti 
ties of a 1 per cent erythrocyte suspension. AH rabbits were tested before injection 
for sheep erythrocyte antibodies. 

Lymph node extract was prepared by drying the lymph node m accordance with 
the Cryochem 1 process then extracting it in a mass of water equal to the weight of 
tissue dried. Tissue extract from the site of injection was simil arly prepared. 


i The Cryochem process consists of dehydration of solutions from the froien 
state the freezing being accomplished by redaction in atmospheric pressure 
(Flosdorf, E. W., and Mudd, S J Immunol n 1938 34, 469) 
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RESULTS 

The Time and Site of Appearance of Antibodies 

In preliminary experiments a comparative study was made of the antibody 
titers at the site of injection, in the afferent lymph, m the substance of the 

TABLE I 

Site and Time of Antibody and Lymphocyte Formation Following Subcutaneous Injection of 
Typhoid Vaccine into the Left Foot , and Sheep Erythrocytes into the Right 


Left foot( injected with typhoid vaccine) 


Rabbit 

Duration of 


Agglutinin titer vs £ 

iyphosa 


No of lymphocytes 
per c mm of lymph 

No 

experiment 

Foot 

tissue 

Afferent 

lymph 

Lymph 

node 

Efferent 

lymph 

Blood 

serum 

Afferent 

lymph 

Efferent 

lymph 

102 

days 

3 

0 

0 



16 

14,000 

78,900 

43 

4 

0 

2 



64 

4,300 

41,600 

44 

5 

16 

— 



256 

10,000 

46,000 

57 

5 

— 

16 


192 

256 

3,150 

144,000 

45 

6 

16 

16 

1024 

64 

512 

2,700 

80,600 

58 

6 

— 

12 

256 

256 

256 

6,000 

82,000 

61 

9 

0 

12 

128 

64 

768 

7,600 

43,800 


Right foot (injected with sheep erythrocytes) 



Agglutinin titer vs erythrocyte 

Hemolysin titer vs erythrocyte 

No of lymphocytes 
per c mm of lymph 

Afferent 

lymph 

Lymph 

node 

Efferent 

lymph 

Blood 

serum 

Afferent 

lymph 

Lymph 

node 

Efferent 

lymph 

Blood 

serum 

Afferent 

lymph 

Efferent 

lymph 

102 

0 

0 

0 

0 

0 


0 

0 

3,700 

73,600 

43 

0 

0 

0 

0 

0 

48 


12 

2,100 

41,200 

44 

0 

32 


48 

8 



128 

5,000 

28,050 

57 

— 

32 


64 

— 

64 


64 

2,000 

55,400 

45 

0 

192 


64 

12 

1024 

768 


3,200 

72,100 

58 

— 

32 

64 

64 

— 

128 

192 


5,750 

97,700 

61 

12 

16 

16 

48 

32 

64 

48 


1,100 

54,600 


lymph node, m the efferent lymph, and in the serum Seven rabbits were in- 
jected with typhoid vaccine m the left hmd foot and sheep erythrocytes m the 
right The results of these experiments are presented m Table I It can be 
seen that m the area of injection and m the afferent lymph the titers remained 
very low Moreover, one notes that a great increase in titer took place within 
the lymph node, and that in some cases titers of lymph node extract and of 
efferent lymph were higher than those m the serum at the same time This was 
found in some typhoid and some erythrocyte experiments It is also apparent 
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that the number of leucocytes per canm were grouped about an average of 
5000 in the afferent lymph, and about 67,000 in the efferent vessel Inas much 
as a comparable protein concentration in afferent and efferent lymph excludes 
absorption of water m the lymph node (Drinker and Yoffey (7)), our results can 
be taken to mean that m the rabbit antibodies are formed within the dr ainin g 
lymph node Furthermore, this conclusion is valid for different types of anti 
body reaction 

The Relative Antibody Titer tn Lymph and Serum 

Let us now turn to our mam senes of experiments and compare the antibod} 
titers m the efferent lymph of the injected foot with the titers found in the serum 
and in the lvmph of the other foot It can be observed from Table H that the 
titers m the serum at first lagged slightly behind those m the efferent lymph of 
the injected foot, but soon rose to figures that were considerably higher, the 
peaks being reached on or about the 9th day, that is, after the peaks m the 
lymph had been passed The titers in the efferent lymph of the opposite foot 
remained very low throughout the experiment As a matter of fact, they never 
reached figures greater than would be expected as a result of leakage of anti 
bodies into the tissues from the circulating blood. 

The Relation of Antibody Titer of Lymph to the Cells of the Lymph and to the 
Weight of the Lymph Node 

In comparing the antibody titers m the efferent lymph of the injected foot 
with the number of cells m this lymph and the weight of the lymph node, we find 
(Table II and Text fig 2) that in the typhoid experiments agglutinins appeared 
in the efferent lymph as early as the 2nd day, however the titer began to rise 
steeply only the 4th day They reached an average of about 1 190 on the 6th 
day and thereafter declined slowly The number of cells rose from an average 
of 17,000 per emm before injection (12 control experiments) to an average be 
tween 50,000 and 60 000 on the 3rd day and mam tamed this level for at least 3 
weeks The weight of the lymph node rose from on average of 0 19 gm to one 
of almost 1 00 gm , the latter being observed on the 9th day 

In the erythrocyte experiments similar observations were made Here too 
the titers did not begin to rise steeply until the 4th day although hemolysins 
had appeared on the 3rd day, and the agglutinin titer rose to an average of 
about 1 32, and the hemolysin titer to 1 230 both on the 6th day However, 
m the erythrocyte experiments the titers fell more quickly than in the typhoid 
experiments, the agglutinins having disappeared from the lymph as earl} as 14 
days after injection, and the hemolysins after 29 days The number of cells and 
the weight of the lymph node showed similar changes. The number of cells rose 
to an average between 50,000 and 60 000 per c.mm., which lasted less than a 
fortnight and the average weight of the lymph node did not nse higher than 
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0 4 gm on the 6th day It should be noted that in both the typhoid and 
erythrocyte experiments, the rise in antibody titer was preceded by the rise in 
cell number and weight of lymph node 

typhoid vaccine sheep erythrocytes 



Text-Fig 2 Showing the antibody titers and number of lymphocytes m the 
efferent lymph as compared with the weight of the lymph nodes following the in- 
jection of typhoid vaccine into the left foot, and sheep erythrocytes into the right 


The Nature of the Cells in the Lymph 

In making films for differential counts the same difficulties were encountered 
which Rous (8) and Drinker and Yoffey (7) described and attributed to the lack 
of "body” or protein content of the lymph as compared with blood Neverthe- 
less the film method was used, because approximate values seemed to be all that 
was needed In 14 typhoid experiments m which this method was employed 
the percentage of small lymphocytes was found to drop from 98 or 99 per cent 
before injection to an average of 93 per cent during the 1st week of the experi- 
ment, while the percentage of large lymphocytes rose from 2 or 3 per cent to an 
average of 6 per cent, the largest smgle observation bemg to 11 per cent 
Monocytes w ere scarce except during the first 3 or 4 days when some rabbits 
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showed 1 or 2 per cent of these cells, while the granulocytes in some rabbits 
amounted to 4 per cent on the 2nd day, and to 2 per cent on the 3rd Similar 
results were obtained in 9 erythrocyte experiments though the changes were less 
marked. 


Morphologic Changes in the Lymph Node 

The morphologic changes observed in the regional lymph node were es- 
sentially the same in both senes of experiments, although m the typhoid senes 
they were more severe than m the others In all cases the changes began with a 
granulocytic infiltration and the appearance of some monocytes This was fol 
lowed by a rather diffuse lymphoid hyperplasia, with or without solid secondary 
nodules, and on the 4th day was superseded by an appearance and enormous hy 
perplasia of Flemming’s secondary nodules (so called germmal centers) which 
lasted until the end of the experiments 

In the typhoid senes , large numbers of granulocytes were found m the marginal 
sinus after 3 hourB, after 6 hours they were seen also m the interior sinus as well 
os in the postcap lllary veins and their neighborhood, and a few hours later they 
had infiltrated some of the secondary nodules After 1 and 2 days numerous 
granulocytes both free and within macrophages, were seen everywhere in the 
smus and in the secondary nodules On the 3rd and 4th days many granulo- 
cytes had been phagocytosed, and on the 5th day they had practically disap- 
peared. 

The granulocytic infiltration was soon followed by the appearance of typical 
monocytes, of the size of large lymphocytes, with bean-shaped nuclei and pale 
cytoplasm These cells were first seen in the marginal smus after 16 hours 
(Fig 7), and in a day or two many were found also m and near the postcapfl 
lary veins The smus continued to contain monocytes after the granulocytes 
had disappeared, though their number progressively decreased. 

In the lymphatic tissue proper we first observed enlargement of the preexist 
Ing secondary nodules, both the solid nodules and those of Flemming’s type, 
A zone of large gray blue lymphoid cells appeared along the marginal smus, 
particularly around the secondary nodules, occasionally even replaci n g them 
(Fig 8) This area closely resembled the outer zone so often found around the 
Malpighian bodies of the spleen. On the da> following the injection a few 
secondary nodules of Flemming’s type were still present, but after 2 days they 
had disappeared in the cortex. The latter was now tremendously enlarged and 
consisted of a diffuse lymphoid tissue (Figs 3 and 4) which contained man) 
large lymphocytes and mitotic figures This picture continued until the 4th 
day Small or indistinct secondary' nodules of Flemming s type then made 
their appearance, and became prominent on the 6th day After 9 and 14 days 
there were numerous large confluent Flemming’s secondary nodules (Figs 5 
and 6) the diameter of the pale centers being 3 to 4 times that of the centers in 
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our controls (Figs land 2) There were many mitoses m the pale centers, and 
numerous tmgible bodies were present in the macrophages The secondary 
nodules began to decline after 21 days, although they continued to be prominent 
until the end of the experiment 

In addition to these changes, small foci of epithelioid cells were found in the 
smus and lymphatic tissue in 10, and large foci m 4 of 18 animals which were 
sacrificed after 6 days or later (Figs 10 and 11) Extramedullary myelo- 
poiesis (granulocytopoiesis) was found in the centers of some Flemming’s 
secondary nodules in 9 animals of 18 which were killed after 6 days or more 

Our erythrocyte experiments resembled the typhoid experiments in that many 
granulocytes were found in the marginal and interior smus as well as in and 
around the postcapillary veins on the day following the injection However, 
after 2 days only occasional granulocytes were found, and after' 4 days they had 
disappeared 

Monocytes were conspicuous m the smus only during the 1st day after injec- 
tion, although a few were to be found for 2 or 3 days thereafter In the animal 
which was sacrificed after 1 day (rabbit 2-4), large numbers of monocytes were 
seen in an efferent lymph vessel as well (Fig 9) This seems to indicate that 
these monocytes had arrived from the periphery of the system 

The preexisting secondary and pseudosecondary nodules also underwent 
swelling After 3 days, however, although distmct pseudosecondary nodules 
were still visible, a more diffuse hyperplasia resembhng that m the typhoid ex- 
periments was generally in evidence Flemming’s secondary nodules did not 
entirely disappear except m 1 of 4 animals sacrificed on the 2nd day, and m 1 of 
5 animals sacrificed on the 3rd day On the latter day many large lymphocytes 
were found m the lymphatic tissue, and mitoses were frequent As m the ty- 
phoid experiments, Flemming’s secondary nodules became larger and more 
distmct on the 4th day Their diameter reached 2 or 3 times the normal size on 
the 9th day, and thereafter they became progressively smaller There were 
many mitoses m the pale centers, and numerous tmgible bodies were present in 
their macrophages 

The large nests of epithelioid cells observed m some typhoid experiments were 
conspicuously absent m the erythrocyte senes, although small foci were found m 
8 of 17 animals sacrificed after 6 days or more, whereas extramedullary myelo- 
poiesis m Flemming’s secondary nodules was observed mil rabbits of 32 which 
were killed after 3 days or later (In 8 of the latter the other foot had been in- 
jected with typhoid vaccine, and in 3 with egg albumen ) 

Finally, tn the egg albumen experiments, only a very few granulocytes and 
monocytes were seen m the pophteal lymph node 2 and 3 days after injection, 
but the hyperplasia of the lymphatic tissue was almost as marked as m the 
erythrocyte experiments As a matter of fact, m the two animals which were 
sacrificed after 3 days the cortex was diffusely enlarged and consisted of large 
pseudosecondary nodules with only solid secondary nodules, and Flemming’s 
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secondary nodules appeared in 4 days and reached their peak on the 6th day, 
when their diameter had about doubled Small or moderately large nests of 
epithelioid cells were seen in the lymphatic tissue m the 4 animals sacrificed 
after 14 and 21 days, but extramedullary myelopoiesis m Flemming’s second 
ary nodules was not observed 

DISCUSSION 

Comparison of Our Data i mill Those in the Literature — Before attempting to 
correlate our data let us briefly consider whether or not they should be regarded 
as representative Comparative data on the number of cells in the lymph of 
peripheral lymph nodes in rabbits are scanty , except m the Japanese literature, 
which is not readily available Under normal conditions, the afferent lymph of 
the popliteal lymph node has been found to contain from 1100 to 3500, or aver 
ages of from 2050 to 2200 white cells per cjnm, (Nil (9), Okaue and Hojo (10)), 
while the efferent lymph of this node contained from 1000 to 20,400, or averages 
of from 5200 to 9900 cells (Nii (9), Nakagawa (11), Horn (12)), and that of 
axillary lymph nodes from 9000 to 24,000, or an average of 14 650 cells (Menkin 
and Freund (13)), whereas after subcutaneous injection mto the foot of lyco- 
podium egg albumen, frog blood, etc., the number of white cells m the efferent 
lymph of the popliteal lymph node rose to averages of 22,000 to 50 000 per 
cjnm. (Horn (12)) Our own data are in good accord with the above figures, 
the number of white cells m the efferent lymph of our normal rabbits, for m 
stance, amounting to an average of 17,000 cells, which is especially close to the 
data of Menkin and Freund 

As to the differential counts of the white cells in the efferent lymph of normal 
rabbits, we found from 99 to 100 per cent lymphocytes and from 0 to 1 per cent 
monocytes, which agrees with the data of MenLm and Freund (13), Nil (9), 
Aoki (14), and Nakagawa (11) However, we observed a larger number of large 
lymphocytes and a smaller number of small lymphocytes In the efferent lymph 
Finally our finding relatively few monocytes and granulocytes m the efferent 
lymph m comparison W2th the afferent lymph and in the lymph node proper is of 
particular interest since Drinker and Yoffey observed (7) an unusually high 
percentage of monocytes m the peripheral lymph as compared with values re- 
ported for the central lymph These observations can mean only that in our 
experiments these granulocytes and monocytes were retamed or filtered off in 
the lymph node 

Our antibody titera compare well with those of McMaster and Hudack (1) 
As to the time of their appearance our method allowed a somewhat earlier de- 
tection than that reported by these authors 

The Correlaiion and Interpretation of the Data — First in the chain of events 
following the injection was the appearance in the smus of granulocytes and 
monocytes, some of which arrived by way of the lymph stream, while others 
seemed to emigrate from the postcapillary veins within the lymphatic tissue 
The latter observation seems to indicate that part of the antigen had been 
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earned through the lymph into the lymph node, where it caused exudation 
The appearance of granulocytes and monocytes was soon followed by general 
enlargement of the lymphatic tissue, including the preexisting secondary nod- 
ules This enlargement was due chiefly to the appearance of small and medium 
sized lymphocytes, although increasing numbers of large lymphocytes were also 
observed The enlargement of lymphatic tissue was accompanied by an in- 
crease m weight of the lymph node and by the output of large numbers of cells, 
especially small lymphocytes, through the efferent lymph, all these reactions 
reached their peak 3 days after injection of the antigen, this peak being ap- 
parent m all three experiments 

The second phase, appearing on the 4th day and reaching its peak on the 6th 
to the 9th day, was characterized by the appearance of antibodies m the efferent 
lymph and serum and by the development of large secondary nodules of Flem- 
ming’s type (so called “germinal centers”) m the lymph node The weight of 
the lymph node continued to mcrease, and the number of lymphocytes in the 
efferent lymph remained elevated Thus the rise in antibody titer m the effer- 
ent lymph followed on the heels of the mcrease m the number of lymphocytes m 
this lymph, but coincided or preceded the development of Flemming’s second- 
ary nodules m the lymph node 

In interpreting these results we shall first see whether they point to the so 
called germinal centers as the site of production of antibodies, and then whether 
they point to the lymphocytes or the reticuloendothelial cells as the cells con- 
cerned 

It is true that the secondary nodules erupted or developed simultaneously 
with the antibodies However, in the typhoid experiments at least, they 
reached the peak of their development only after the peak of antibody forma- 
tion had passed, and they continued to be active long after the antibody titer 
had begun to decline 

As to the reticuloendothelial cells, we observed that they became active 
during the experiments, and that in some cases large foci of epithelioid cells 
were observed However, marked proliferation of epithelioid cells was seen 
only m a few typhoid experiments, and it would seem that this was due to the 
same probably toxic factors which cause the well known reticuloendothelial re- 
action m human typhoid fever On the whole, the reticuloendothelial cells 
remamed quite inconspicuous , foci of epithelioid cells appeared only where 
granulocytes were engulfed, they were m no way parallel to the antibody titers 

On the other hand, the lymphocytes increased enormously m Dumber and 
there was a great rise m lymphocyte output through the efferent lymph These 
events took place shortly before the antibodies made them appearance We 
feel that this observation alone suggests that the lymphocyte may play an im- 
portant rfile m antibody formation 

We have no information at present on the nature of the r61e which the lym- 
phocyte may play m antibody formation It may be that it is not concerned in 
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the production of antibodies, but has some other function of which we are not 
yet aware On the other hand, it may take an active part m the elaboration of 
antibodies It is true that it does not phagocytose and therefore cannot ab- 
sorb corpuscular matter But it may have the faculty of absorbing dissolved 
antigens or their split products, and it may perhaps go into action only after the 
raw material has been properly prepared by the action of phagocytes or other 
mechanisms However this ma> be, our results lend little support to the idea 
that the antibodies are products of the reticuloendothelial cells alone This 
latter concept, m fact, is hardly consistent with the complex chain of events in 
the lymph node dunng the formation of antibodies as we have here described it 
SUlQtARY 

Typhoid vaccine and sheep erythrocytes were injected subcutaneously into 
the feet of rabbits, and the subsequent formation of agglutinins and hemolysins 
in the popliteal lymph node was compared with the output of lymphocytes 
through the efferent lymph and with changes m the lymph node 
Antibodies began to appear in the efferent lymph 2 to 4 days after the injec 
tion of the antigen and reached their highest titer after 6 days This was pre- 
ceded by a sharp rise m the output of lymphocytes through the efferent lymph, 
while m the lymph node there was lymphatic hyperplasia after preliminary in 
filtration of granulocytes and monocytes. This hyperplasia was first of a 
diffuse type, but was later superseded by large so called germinal centers the 
latter lagging somewhat behind the nse m antibody titer 

The fact that the tissue response accompanying the formation of antibodies 
was chiefly a lymphocytic one points to the lymphocyte as a factor m the 
formation of antibodies 
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EXPLANATION OF PLATES 
Plate 26 

Fig 1 Rabbit 14 Popliteal lymph node of a normal rabbit showing (a) distinct 
secondary and ( b ) pseudosecondary nodules Azur II-eosin X 4 

Fig 2 The same, X 35 (a) pseudosecondary nodule, (&) solid secondary no- 

dules, and (c) Flemming's secondary nodule (so called germinal center) 

Fig 3 Rabbit 20 Popliteal lymph node 2 days after injection of typhoid vaccine 
showing diffuse lymphoid hyperplasia with disappearance of secondary nodules 
Azur II-eosin X 4 
Fig 4 The same, X 35 

Fig 5 Rabbit 29 Popliteal lymph node 14 days after injection of typhoid vac- 
cine showing marked lymphatic hyperplasia with large confluent so called germinal 
centers Azur II-eosm X 4 

Fig 6 The same, X 35 Compare the size of the secondary nodules m Figs 
5 and 6 with those in Figs 1 and 2 




(Ehnch and 


Formation of antibodie* in popliteal lymph node) 




Plate 27 


Fig 7 Rabbit 69 Popliteal lymph node 16 hours after injection of typhoid 
vaccine showing many monocytes m the marginal sinus Azur Il-eosm. X 270 
Fig 8 Rabbit 52 Popliteal lymph node 6 hours after injection of typhoid vac- 
cine showing (o) outer zone of large lymphocytes around ( b ) marginal zone of small 
lymphocytes of Flemming’s secondary nodule Azur Il-eosm X 135 

Fig 9 Rabbit 24 Afferent lymph vessel of popliteal lymph node 24 hours after 
injection of sheep erythrocytes filled with polymorphonuclear leucocytes, monocytes, 
and erythrocytes Azur Il-eosm X 270 

Fig 10 Rabbit 29 Peripheral sinus of popliteal lymph node 14 days after in- 
jection with typhoid vaccine filled with large epithelioid cells (reticuloendothelial 
cells) Azur Il-eosin X 50 

Fig 11 The same, showing numerous epithelioid cells m a central smus X 50 




(Ekrich and Hams Formation of antibodies in popliteal lymph node) 





SIMULTANEOUS RENAL AND HEPATIC EXCRETION OF WATER, 
CYANOL, AND AZOFUCHSIN I IN RABBITS* 

By WILLIAM E. EHRICH, MB 
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Philadelphia ) 

(Received for publication June 11, 1942) 

In a previous study of the renal excretion of water, cyanol, and azofuchsm I 
in rabbits (1), about 90 per cent of the injected amount of azofuchsm I appeared 
in the unne within 2 hours after injection, while only about 30 per cent of the 
cyanol was recovered during this time. On the other band, considerable quan 
titles of cyanol were found m the contents of the intestine, while azofuchsm I 
was not observed m this location 

Since little is known about the relationship between renal and hepatic excre- 
tion of dyes and other substances, and this relationship appears to be important 
to the student of both renal and hepatic excretion, a study was undertaken of 
the behavior of the two types of dyes when given simultaneously, and cyanol 
and azofuchsm I were selected to be studied first because their renal excretion 
had been investigated previously (1) 

Methods 

All experiments were performed in male Chinchilla rabbits weighing about 2000 
gm. In a first series of experiments the animals received 100 cc. of tap water by 
stomach tube, and a catheter was placed in the urinary bladder About 1 hour later 
when diuresis was m progress the rabbits were anesthetized with ether, and a cannula 
inserted mto the common bile duct. Again, about 1 hour later when the rabbits had 
recovered somewhat from the anesthesia, 2 cc. of a 0 1 per cent solution of other 
cyanol or axofuchsin I was injected Intravenously, and urine and bile were collected 
30 60 and 90 minutes after the injection of the dye. The concentration of cyanol 
and azofuchsm I m unne and bile was tested as in our previous experiments by using 
a comparator (1) 

In addition to these simple bile dram age experiments, others were performed in 
which other the renal or the hepatic excretion was changed by various experimental 
procedures. Thus in a second series of experiments m order to stimulate diuresis 
2 gm. of urea were given intravenously shortly after the injection of the dye. In a 
third series of experiments the renal arteries and vans were ligated so that rena l 
excretion was stopped completely while in a fourth series the bile was not drained 
but the common bfle duct ligated. In a last small group of animals the common bile 
duct was hgated and portions of the liver excluded from the gradation by throwing 
a ligature around the base of one or several lobes of this organ 

* Aided by a giant from the Pennsylvania Chapter of the Society of Sigma XL 
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RESULTS 

Text-fig 1 presents the behavior of the rates of the urine and bile flow during the 
three periods of our experiments, namely (a) before operation, (b) between opera- 
tion and dye injection, and (c) after injection The white circles refer to animals 
which received 100 cc. of tap water by stomach tube the day before the expenment 
as well as 1 hour before the operation (“wet” animals), while the black circles repre- 



Text-Fig 1 Unne and bile rates (a) before operation, (6) after operation, but 
before dye injection, and (c) after dye injection A and D, simple bile drainage ex- 
periments, B and E, urea experiments, C, ligation of common bile duct, and F, liga- 
tion of renal arteries and veins The black circles and solid hnes refer to “dry” 
ammals, the white circles and broken hnes to “wet” animals 

sent results obtained m animals which had water only before the operation (“dry” 
ammals) 1 Both groups of animals had access to drinking water throughout the 
preoperative penod 

Urine Rales — In simple bile drainage experiments (Text-fig 1, A), the aver- 
age unne rates, instead of rising as m untreated animals, remamed low or 
dropped slightly during the 2nd hour after the introduction of water (between 
operation and dye injection), to drop even further during the 3rd hour (after 
dye injection) In the group which received urea after injection of the dye 

1 Both “wet” and “dry” animals were used because in previous experiments wet 
animals were found to develop a much better water diuresis than dry ammals (1) 
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(B, c) the urine rates rose to more than twice the amount observed m simple 
bile drainage experiments If, finall) , the common bile duct was ligated (C), 
the rates closely resembled those in simple bile drainage experiments except 
in two animals which reacted with a marked increase in unne production (+) 
Bxh Rahs — In simple bile drainage experiments (Text fig 1,D) and m urea 
experiments (E) the average bile rates dropped from about 0 2 cc. per minute 



CC OF URINE 

Text Fio 2. Renal excretion of cyanol and axofuchsm I within (A) 30 (B) 60 
and (C) 90 minutes after their Injection. The curves indicate ± 20 per cent of the 
normal average. O, ample bile drainage experiments O, urea experiments •, 
ligation of common bfle duct- 

before dye injection to 0 14 cc per minute after dye injection In animals 
in which the renal arteries and veins were ligated (F) the bile rates were mark 
edly depressed It is noteworthy that the bile rates m our simple bile drainage 
experiments (D) were about 3 to 4 times the unne rates (A), while after intro- 
duction of urea the two were about the same (E, c and B, c ) 

Excrdion of Cyanol and Azof uchun / — If we turn now to the excretion of the 
dyes and first consider their renal excretion (Text fig 2), we find that prac 
ticafly all our results are well within =fc 20 per cent of the normal excretion 
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curves 2 This is true for both the dyes, whether in simple bile drainage ex- 
periments (O) urea experiments (O), or those in which the common bile duct 
was hgated (© ) However, if in addition to the hgation of the common bile 
duct, parts of the hver were excluded from the circulation, the renal excretion 
of cyanol (the only dye tested in such experiments) was definitely increased 
(Table I) 

As to the hepatic excretion of the two dyes (Text-fig 3), it appears that the 
results are not numerous enough to permit a conclusion as to whether they con- 
form to definite curves However, it can be seen that m a large majority of 
experiments the results in the urea expenmen ts (O) tend to be lower than those 
of the simple bile drainage experiments at comparable bile rates (O), and es- 
pecially those in which the renal artenes and veins were hgated (•) The 
greatest amount of cyanol excreted in the bile within 90 minutes after injection 

TABLE I 


Urine Rates and Cyanol Excretion after Ligation of the Common Bile Duct and Various Portions 

of the Liver 





Unne rate 


Cyanol excretion 
(per cent of normal) , 

Portion of 
liver 
ligated 

Rabbit 

No 

Weight 

Before i 
operation 

| After operation 


Before 
dye in. 

I After 
lection 

30 mm ( 60 min 
after injection o 

90 min 
: dye 

B 12 

im 

1800 

cc f mm 

0 09 

cc /mtn 

0 03 

cc /mtn 

0 08 


+22 

TO 

per cent 

43 

B 13 

1980 

0 02 

0 01 

0 10 

+34 

+38 

+28 

SO 

B 11 

2040 

0 17 

0 01 

0 05 

— 

+50 

+38 

67 


of the dye (C) was about 1 mg , approximately twice the amount observed in 
the unne during this penod, while the greatest amount of azofuchsin I excreted 
in the bile withm 30 minutes* (D) did not exceed 0 08 mg , or about l/15th of 
the largest amount which, during this penod, was observed in the urine 

It can then be said that after ether anesthesia and drainage of the common 
bile duct a water diuresis failed to develop, and that ether anesthesia and liga- 
tion of the common bile duct in most cases had a similar effect , while 2 gm of 
urea intravenously definitely stimulated diuresis The excretion of bile, on the 
other hand, was the same in both simple bile drainage experiments and in those 
in which urea was given, while in animals m which the renal arteries and veins 
were hgated the bile flow appeared to be depressed 

2 The normal excretion curves have been drawn from a large number of data ob- 
tained in normal Chinchilla rabbits weighing about 2000 gm About half of these 
data have been presented in a previous publication (1) 

3 After the first 30 min ute period the concentration of azofuchsin I m the bile be- 
came so low that m many instances it could no longer be determined It is for this 
reason that the data of the first 30 minutes only are given 
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It can be stated further that in simple bile drainage experiments^ urea ex- 
periments, and those in which the common bfle duct was ligated, the usual 
amounts of cyanol and azofuchsin I were excreted through the kidneys It is 
true that the absolute quantities of dye that were recovered from the urine 
within 30, 60, and 90 minutes after their injection were small er than those which 
were found m similar experiments m intact animals (1), however, all the results 
were well within ± 20 per cent of the normal excretion curves In other words, 
there was no true reduction m dye excretion, only the diuresis was depressed 
However, if parts of the liver were excluded from the arculatlon, the renal 
excretion of cyanol was augmented 



Text Fio 3 Hepatic excretion of cyanol within (A) 30, (B) 60, and (C) 90 min- 
utes, and (D) that of axofochsin I within 3D minutes niter their inaction- O, simple 
bile drainage experiment*, O, urea experiments •, ligation of renal arteries and 
veins. 

On the other hand, the hepatic excretion of the dyes appeared to be not only 
a function of the bile volume, but also of their renal excretion, because with the 
same bile volume the hepatic excretion tended to be slightly greater in animal s 
with a low diuresis than m animals with a better diuresis and it was greatest 
in experiments in which the renal arteries and veins were h gated 

It thus appears that under the conditions of our experiments the renal ex 
cretion of water was independent of its hepatic excretion, and v tee versa while 
the renal and hepatic excretion of our dyes were interrelated 

nrscussiON 

Though comparable observations are scanty, the few data which have been 
published are in good accord with our results For instance, m rabbits weighing 
2000 to 3000 gm Halpert (2) observed an average bile rate of 0 15 to 0 19 ec. 
per minute during the 1st hour after insertion of a cannula into the common bile 
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duct, and a rate of 0 12 to 0 17 cc per minute during the 2nd hour, while m our 
simple bile drainage experiments and those in which urea was given the average 
bile rate amounted to 0 19 to 0 23 cc per minute during the 1st hour, and 0 13 
to 0 155 cc during the following 1^ hours In obstructive jaundice m man no 
change was observed in the renal excretion of phenolsulfonephthalem(3, 4) 
After ligation of the common bile duct m dogs, a slightly elevated output was 
found by some (5) workers, but a normal or depressed output by others (4), 
while in our rabbits after ligation of the common bile duct no change in dye 
excretion was observed The latter observation may be explained by the as- 
sumption that in these cases the liver continued to function, that is to say, it 



Text-Fig 4 Relationship between unne-bile ratio and that of hepatic and renal 
excretion of cyanol within (A) 30, (B) 60, and (C) 90 minutes, and (D) that of azo- 
fuchsin I within 30 minutes after then injection The ratios have been calculated 
as per cent of the total amount excreted O, simple bile drainage experiments, O, 
urea experiments 

continued to take up dye so that the amount of dye offered to the kidneys was 
not materially altered This is in accord with the fact that after destruction of 
parts of the hver by chloroform an increase m the renal output of phenol- 
sulfonephthalein was observed (Hanner and Whipple (5)), and a sinular in- 
crease in the renal excretion of cyanol was noted in our experiments m which, 
m addition to ligation of the common bile duct, parts of the hver were excluded 
from the circulation by throwing a ligature around the base of one or several 
lobes of this organ 

It can be said then that m normal kidneys the renal excretion of a given dye 
is chiefly a function of the urine volume except m cases of severe destruction of 
the hver, for then the renal excretion may be augmented The hepatic excre- 
tion of our dyes was found to depend on the urine volume, i e , the renal excre- 
tion of the dyes, as well as on the bde volume, and this was observed even if the 
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kidneys were normal This difference can be explained by the fact that diuresis 
fluctuates a great deal, while the bile rate tends to be more steady It is ob 
vioua that a greater fluctuation in diuresis, and consequently in renal dye ex 
cretion, should result m a greater variation m the amount of dye still m circula 
tion, which m turn should bear on the hepatic excretion of the dye In the 
kidney, on the other hand, on account of the greater steadiness of the bile rate, 
this effect would not manifest itself 

In view of these observations it seemed clear that a mathematical relation- 
ship between the renal and hepatic excretion of the two dyes could not be found 
by simply comparing the quantities of dye that were excreted through kidneys 
and liver However, when the ratio between the amount of dye excreted 
through the liver and that excreted through the kidneys was plotted against 
the ratio between unne rate and bile rate (Text-fig 4), hyperbolas resulted 
showing that a logarithmic relationship exists between the renal and hepatic 
excretion of cyanol and azofuchsm L 

Considering finally the practical question whether or not the hepatic excre 
tion of dyes introduces a noteworthy error mto their use as a measure of renal 
function, we can safely conclude from our experiments that this is not the case 
except m those instances in which the liver is severely damaged This con 
elusion is in accord with the experience of those who use phenolsulfonephthalein 
for testing the kidney function 


SU1DUARY 

1 The renal and hepatic excretion of water, cyanol, and azofuchsm I was 
Btudied in rabbits under various conditions. It was observed that under the 
conditions of our experiments the urine rate was independent of the bile rate, 
and vice versa The renal excretion of these dyes also was independent of their 
hepatic excretion except m cases m which the liver was severely damaged On 
the other hand, the hepatic excretion of these dyes depended also on their renal 
elimination 

2 The relationship between the renal and hepatic excretion of cyanol and 
azofu chain I could be expressed in the form of hyperbolas 

3 In the use of dyes as a measure of renal function, no noteworthy error is 
introduced by them hepatic excretion except m cases in which the liver is 
severely damaged. 
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INDUCED RESISTANCE OF THE CENTRAL NERVOUS SYSTEM TO 
EXPERIMENTAL INFECTION WITH EQUINE 
ENCEPHALOMYELITIS VIRUS 

I Neutralizing Antibody in the Central Nervoub System in 
Relation to Cerebral Resistance 

By ISABEL M MORGAN PhD R. WALTER SCHLESINGER M.D., and 
PETER K. OLITSK.Y MD 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, June 25 1942) 

Neutralizing antibody in cerebrospinal fluid and brain extract of animals 
vaccinated with the virus of equine encephalomyelitis was studied in an 
attempt to clarify the apparent lack of correlation of antibody with resistance 
to intracerebral injection of active virus Hurst (1) has reported that mon 
keys, after peripheral injection of active virus of Eastern equine encephalo- 
myelitis (EJSJS ), developed neutralizing antibody Certain of these animals 
succumbed, nevertheless, to subsequent intracerebral injection of active virus. 
The neutralization tests were earned out with undiluted serum. Such tests 
with undiluted serum have been found (2), however, incapable of different! 
ating, above a certain level between the neutralizing capacity of different 
sera When serum was titrated for antibody, using dilutions of serum and a 
constant amount of virus, it was found that resistance of vaccinated mice to 
intracerebral injection of active ELL virus was associated onl> with a high 
level of antibody m the serum The degree of resistance was correlated with 
antibody titer Since the plasma does not have direct access to cells of the 
central nervous system, the high titer of antibody in the plasma suggested that 
it might be an indicator of antibody in the fluids of the central nervous system 
which would be more readily available to susceptible cells. 

Antibody has been found by Freund (3) m the brain, spinal cord, and cere 
brospmal fluid of rnbbit3 vaccinated with typhoid vaccine He has demon 
strated, moreover, a constant relationship between the concentration of anti 
body m the central nervous system and that m the serum. Ramon and 
Descombey (4) have described a similar relationship of antitoxin m spinal fluid 
and serum. Mollaret and Stefanopoulo (5) have reported that monkeys sur 
vivmg a subcutaneous injection of active yellow fever virus showed neutral 
izmg antibody in their spinal fluid and resisted an intracerebral injection of 
active virus 

In rabbits vaccinated with equine encephalomyelitis virus we studied first, 
the relationship of antibody in spinal fluid to that m serum and second, its 
bearing on cerebral resistance to active varus 
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Methods and Materials 

Rabbits — Rabbits of various breeds weighing from 2500 to 3500 gm were obtained 
from dealers in the vicinity They were usually kept in individual cages m the animal 
house for a week before use For each group of test animals, controls were saved from 
the same lot There were many animals used m addition to those which appear in 
the tables on which the record was not complete, but which, as far as tested, were 
consistent in their reaction with the others One lot of animals had been bred and 
raised in our animal house, they will be mentioned again because of their unusual 
reaction 

Rabbits were vaccinated, usuallv subcutaneously, with active or formalin-inac- 
tivated Eastern (E E E ) or Western (W EE) equine encephalomyelitis virus 
The source of active virus (A V ) was usually a saline suspension of infected 9-day-old 
chick embryo (sometimes infected mouse brain) Formalin-inactivated virus (F V ) 
consisted of a 10 per cent suspension of infected chick embryo in 0 5 per cent formalin, 
which was non-infective by all tests available (6) 

Cisternal Puncture — Cerebrospinal fluid was obtained from the astema magna 
of rabbits anesthetized by intravenous injection of nembutal An assistant firmly 
grasped the head of an anesthetized rabbit over the edge of a table with the top of the 
head vertical, the neck thus flexed at a right angle A 22-gauge, lf-inch needle was 
then inserted in the midline, just caudal to the occipital protuberance When in 
the proper position, with the needle at a depth of about Yi inch, the piercing of the 
dura could be easdy felt and, when spinal fluid welled up into the hilt of the needle, 
it was drawn off with a capillary pipette About 0 5 cc of spinal fluid could be taken 
without risk Only crystal clear spmal fluid was acceptable, in which no red blood 
cells were detectable after standing overnight in the refrigerator Contamination 
with blood was more easily detected m this way than by cell count, for cells were 
visible m a slightly contaminated sample which showed less than one cell per mi- 
croscopic field With practice we were able to obtain clear spinal fluid from more 
than half the number of rabbits Control rabbits were tapped at the same time as 
the test animals 

Tests for Resistance — Tests for cerebral resistance of vaccinated rabbits were 
earned out by intracerebral or intracistemal injection of saline or broth dilutions of a 
suspension of mouse bram infected with WEE or E E E virus Non-vaccinated 
rabbits from each lot served as controls of the mfectmty of the virus 

Intracerebral Route — A small hole was drilled with a trephine caudally to the fron- 
topanetal suture to one side of the nudlme 0 2 cc. of viral suspension was injected 
through a 27-gauge needle, M inch long, inserted vertically to the hilt In this way, 
most of the virus injected went mto the lateral ventricle, as confirmed by examination 
of brains immediately after injection of a dye (mixture of iron ammonium citrate and 
potassium ferrocyamde) with formalin 

Intracistemal Route — A syringe containing suspension of virus was attached to 
the needle through which a sample of spmal fluid had been removed, thus injecting 
the virus directly mto the astema magna whence it had free access to the entire sub- 
arachnoid space In this wav, when a clear sample of spinal fluid had been obtained, 
the virus did not come into contact with blood or with damaged cerebral tissue 
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EXPERIMENTAL 

N eutrahzing Capacity of the Cerebrospinal Fluid 

The spinal fluid of rabbits vaccinated with active or with formalin inacti- 
vated virus was tested for neutr alizin g property 

Samples of blood and spinal fluid were taken from rabbits after subcutaneous 
vaccination with one or more doses of active or formolized W EX or EXE virus. 
Samples were taken, as a rule 2 weeks after the last dose of vacane. Neutralization 
tests were earned out by the peritoneal test m young mice (7), using infected mouse 
brain When testing for minimal amounts of antibod} the peritoneal test proved 
to be more sensitive than the cerebral neutralization test Tests on spinal fluid and 
dilutions of serum of a given animal were made simultaneously and repeated whenever 
possible. 

In the spinal fluid of rabbits sufficiently vaccinated, the capacity to neutral 
izc the homologous virus could be readily demonstrated Furthermore, when 
the neutralizing capacity of threefold dilutions from 1/10 to 1/1000 of serum 
of a given animal was compared with that of its spinal fluid, a dilution of 
serum of the order of 1/300 was found equivalent to spinal fluid Table I 
shows the neutralizing capacity (as measured b> difference m titer of virus 
m the presence of normal spinal fluid and that m test fluid) of spinal fluid and 
1/300 dilution of serum of vaccinated rabbits 

In all cases but one, shown m Table I, when 1/300 serum dilution neutral 
ized virus, so also did the spinal fluid when one failed to neutralize so did the 
other There was not more than a tenfold difference in neutralizing capacity 
when end points were reached 

In the single exception, rabbit 35 the spinal fluid failed In a single test to neutralize 
virus, whereas the 1/300 serum dilution neutralized at least ten units of active virus 
on repeated test. This animal was from the group of cage-bred rabbits. 

Just as has been reported for the ratio of antibody m spinal fluid to that m 
serum m response to a bacterial antigen (3) and to toxin (4), so also a ratio of 
neutralizing capacity of spinal fluid to serum of the order of 1/300 has been 
demonstrated m animals vaccinated with a viral antigen 

Neutralizing Capacity of Brain Tissue 

The neutralizing capacity of a suspension of perfused brain of a rabbit vac 
curated with formalin inactivated W.E.E mouse brum was compared with 
that of its spinal fluid and 1/300 serum dilution 

Rabbit 2-32 was vaccinated by means of thirteen subcutaneous injections of 2 cc. 
or more of 20 per cent mouse brain, Infected with WXE virus mO 5 per cent formalin 
ovcr a penod of 3 months 5 days after the last dose, dear spinal fluid was obtained 
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75 cc of blood were drawn from the heart The brain was perfused by injection 
of stenle saline through the carotid arteries until the fluid returning from the cut veins 
appeared blood-free 500 cc of sahne were injected on one side, followed by 100 cc. 
on the other A piece of brain was sectioned for histological study which revealed 


TABLE I 

Neutralising Capacity of Sptnal Fluid Compared with 1/300 Serum Dilution of Rabbits 
Vaccinated unth E E Virus 


Rabbit No 

Vaccination 

Neutrallxij 

1/300 serum 

ag capacity 

Spinal fluid 

22 91 

36 X A V-WEE* 

1,000 

1,000 

10-06 

S X A V -EJE.E 

100-1,000 

>100$ 

10-02 

5XAV-EEE 

1,000 

>100 

10-39 

3 X A.V -W E E § 

1,000 

1,000 

10-42 

3XAV-WJSE 

1,000 

1,000-10,000 

10-03 

3 X A V -E E E 

>10 

10 

10 14 

3 X A V -E E E 

10 

>10 

2-32 

13 X F V -W E E |) 

100 

10-100 

1-56 

3 X FV-WEE 

10-100 

>10 

1-57 

3 X FV-WEE 

10 

>10 

79 A 

1 X A V 10~*-W E.E 

>100 

>100 

33 

1 X A V 10~*-W JE E 

10-100 

10-100 

35 1 

1 X A V 10“*- W E E 

>10 

0 

83 A 

1 X A V 10“*-WEE 

0 

0 

1-30 

3 X FV-WEE 

0 

0 

2-00 

3 X F V -W E E 

0 

0 

2-03 

3 X F V -WJE E 

0 

0 

78 B 

lXFVMAffiE 

0 

0 

87 B 

1 X F V 10~ l -W E.E 

0 

0 

80 B 

1 X F V 10“ 2 -W EJ2 

0 

0 

81 B 

1 X F V 10“ 5 -W E E 

0 

0 


* 36 X A V -W EE =>36 injections by intravenous or subcutaneous route of active 
WEE virus, 10 to 20 per cent The next two animals, 5 injections similarly of E E E virus 
t >100 =■ difference in titer between control and test was at least 100-fold 
§ 3 X A V -W.E.E =» 3 subcutaneous injections, all other animals injected by same route, 
FV ■= formolized virus 

|| Vaccinated with mouse -brain virus, all others with chick-embryo virus 


few red blood cells m the vessels The remainder of the brain was ground in a mortar 
and made to a 14 suspension m saline On centrifugation of this cream-colored 
suspension, no layer of red blood cells was visible The supemate was drawn off 
and compared with spinal fluid and 1/300 serum dilution by repeated peritoneal 
neutralization tests (7) with mouse-bram WEE virus 

From a vaccinated rabbit 1/300 serum dilution, 1/3 suspension of perfused 
brain, and undiluted spinal fluid each neutralized about ten units of W E E 
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virus This is similar to the finding o£ Freund that the ratio of titer of serum 
is to that of brain and to that of spinal fluid as 300 2.5 1 

Specificity of the Neutralising Substance 

Spinal fluid of an animal vaccinated with Western virus which could neu 
tralire Western varus was not capable of neutralizing Eastern virus and vice 
ccrsa Since the neutralizing property of spinal fluid developed in response 
to vaccination parallels the serum antibody in the ratio described, and since 
the neutralizing substance reacted specifically with the homologous and not 
with the heterologous virus, it was considered antibody (6, 8, 9) 

Correlation of Spina! Fluid Antibody mlh Resistance to Infection by the 
Cerebral Route 

(a) In Response to A diet Virus — The spinal fluid (or 1/300 serum dilution) 
of thirty rabbits vaccinated subcutaneously with various doses of active chick 
embryo virus was tested for neutralizing antibody to the homologous virus by 
the peritoneal neutralization test in young mice (7) The vaccinated rabbits, 
as well as normal controls, were injected lntracerebrally with active, homol 
ogous, mouse-brain virus The results are summarized in Table n 

Twenty two rabbits showed neutralizing antibody in the spinal fluid (or 
1/300 serum dilution), (Table II) Twenty-croc of these survived an ultra 
cerebral injection of active virus m a dose 10 to 100 times the highest dilution 
lethal to normal controls All eight rabbits having no demonstrable spinal 
fluid antibody succumbed after a typical course following intracerebral rajec 
tion of active virus 

The srngle exce ption an animal which died in spite of the presence of spinal fluid 
antibody, occurred in the cage-bred group It may be recalled that it was m thla 
group also that the single exception to the equivalence of spinal fluid antibody to 
1/300 serum antibody was found 

It may be seen from Table II that rabbits reacted to subcutaneous injection 
of active virus with either a high degree of immune response, with antibody 
m the spinal fluid and with resistance to an intracerebral injection of active 
virus, or else there was no antibody demonstrable, even m undiluted serum, 
and no cerebral resistance However, even the immune a n im a ls were not en 
tirely refractory they reacted to intracerebral injection of active virus with 
febrile response lasting a few days. In general, animals with higher titer of 
spinal fluid antibody showed fever of shorter duration. This febrile response 
was interpreted as due to viral activity because the greater the test dose of 
virus, the greater the febrile spike oa the first day following test injection, and 
because intracerebral injection of formalin inactivated virus (at high concen 
tration) induced no such reaction, even in normal a n i m a l s As might be ex 
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pected, the full immune response occurred more frequently following multiple 
doses of virus or a large single dose Thus it has been shown that cerebral 
resistance induced as a result of vaccination with active virus is associated with 
spmal fluid antibody 

The significance of this antibody which develops after vaccination with 
active virus is, however, not entirely conclusive, for (a) After peripheral in- 
oculation of active virus, the systemic phase of infection, accompanied by cir- 
culating virus, may be followed by a transitory invasion of the central nervous 


TABLE rr 

Correlation of Spinal Fluid Antibody with Resistance to Intracerebral Injection of Active Virus 
in Rabbits Vaccinated Subcutaneously with Active Virus 


Total No of | 
rabbits | 
■vaccinated 

Vaccination 

subcutaneously 

j Antibody 

Reaction to intracerebral 
injection 

Serum 

Spinal fluid 

Undiluted 

1/300 

Fever 

Outcome 

2 

36 X W E E 


4* 

+ 

1-2 d 

Recovery’ 

2 

5 X E E-E 

+ 

4~ 

4* 

1-5 d 

It 

3 

3 X EE 

1 

4* 

+ 

1-2 d 

a 

2 

1 X 10- 1 W EfE 

i 

4- 

4* 

0-1 d 

a 

2 

1 X RE 2 W E E 

+ 

4- 

+ 

1-3 d 

a 

4 

1 X KT 3 WEE 


+ 

+ 

Old 

a 

3 

IXHHffEE 


+ 

+ 

0-1 d 

tt 

3 

ixkHwee 


+ 

4* 

0 2 d 

u 

1 

1 X 10- 6 W EJE 

+ 

+ 

4* 

4 d 

Death 

1 

1 X 10~* W .E E 

+ 

+ 

0 

4 d 

a 

2 

1 X 10- 2 W EJS 

0 

0 

0 

2 d 

u 

1 

1 X 10~® WEE 

0 

0 

0 

4 d 

a 

4 

1 X 10" 7 WEE 

0 


0 

2-3 d 

u 


* 1-2 d Recovery =» 1 to 2 days of fever, followed by recovery , other symbols same as m 
Table I 


system, reflected by a marked rise m temperature, although the animal may 
show no clinical signs of involvement of the central nervous system and recover 
with full antibody response (10) { b ) Following intracerebral injection of 
small doses of active virus, rabbits may also show only a transitory febrile 
reaction and may not develop demonstrable antibody Such individuals sub- 
sequently resist intracerebral inoculation of the same virus, or even of heterol- 
ogous virus This type of non-specific resistance, independent of antibody, 
will be discussed in the next paper of this senes (11) The possibility cannot 
be ruled out that a non-specific effect may play a part m the cerebral resis- 
tance after vaccination with active virus Therefore we undertook vaccina- 
tion with formalin-inactivated virus where by all tests available the possi- 
bility of the presence of active virus has been excluded 
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(J) In Response to Formalin Inadmaled Virus — In contrast to the “all or 
none” immune response induced by active virus, it was possible to obtain 
intermediate degrees of immune response only when we resorted to v accina tion 
with formalin inactivated virus 


TABLE HI 

Antibody Response and Resistance lnineei by Formdlx-lnactteated Vtrns 


RubHt 

No. 

\ acdoatloa 
•obaitiDcocalj 

Ajtlbody 

Test for rabtuice 

Strom 

sgg 1 

Root* 

Frrer Outcome 

Undi- 

luted 

1/200 

1/300 

2-89 

7 X 20 per cent* 



+ 

+ 

Intracerebral 

3 d, Recovery 

1 56 

3 X 10 M 



+ 

+ 


0 

1 57 

3 X 10 44 " 



+ 

+ 


2d. 

|1 53 

3 X 10 



+ 



3d. 

[ 1-30 

3 X 10 


+ 

0 


Intradstemal 

2d. 

1 24 

t X 10 

+ 

0 

0 



4<LPJ>4 

1 27 

1 X 10 

+ 

0 




5 d 

94 

1 X 10 

+ 

+ 

■9 



3d 

97 

1 X 1 

+ 

0 

0 



3 d. Death 

87 B 


+ 

0 

0 

mm 

Intracerebral 

3d. 

2-00 


+ 

0 


■9 


3d. 

2-03 

3 X 10 

+ 

0 

0 



3d 

1 54 

3 X 10 M 

+ 

0 

0 



6 d. 

1 55 

3 X 10 

+ 

0 

0 



2d 

1 18 

1 X 1 M 

+ 

0 


0 


3d 

1 19 

1 X 1 

+ 

0 


0 

In tra catemal 

3d. 

1 25 

1 X 1 

+ 

0 


0 


2d. 

1 28 

IX 1 

+ 

0 




5<L 

1 29 

1 X 1 

+ 

0 


0 


5 d. 


* 7 X 20 per cent — vaccinated by 7 lubcutanetra* injection* of formohzed, 20 per cent 
cluck -embryo vaccine of WJE E. virus 

1 4 d.P P — 4 days of fever with posterior limb paralysis. 


Rabbit* were vaccinated by one or more subcutaneous injections of chick-embryo 
W F. V virus inactivated by formalin Samples of spinal fluid and blood were taken 
usually 2 weeks after the first dose. Cerebral resistance was tested either by injection 
of active mouse brain virus into the astema magna through the needle used for 
withdrawal of fluid or by intracerebral injection on the following day Antibody 
in the spinal fluid and in serum dilutions was measured by the peritoneal neutralization 
test (7) Fluids in a given senes were tested simultaneously The results are shown 
in Table HI 
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It may be noted from Table m that it is possible to induce resistance to 
intracerebral injection of active virus in rabbits by vaccination with formalin- 
inactivated, chick-embryo WEE virus Similar results were obtained using 
F V -mouse-brain vaccine Individuals which had developed antibody demon- 
strable in spinal fluid and m 1/300 serum dilution survived an intracerebral or 
an intracistemal injection of active virus Temperatures read daily following 
test injection were normal or indicated fever lastmg up to 3 days At the 
other extreme, when antibody could not be demonstrated m the spinal fluid, 
such injection of active virus led to death from typical encephahtis, m spite of 
demonstrable antibody in the undiluted serum 

Intermediate between these two groups were individuals, like rabbit 1-30, which 
showed antibody at 1/200 but not at 1/300 dilution of serum and recovered after 2 
days of fever In this case, no sample of spinal fluid was available, but smce 1/300 
serum dilution did not reveal antibody, our experience indicates that an equal volume 
of spinal fluid would also be negative, however, smce the serum at only a slightly 
higher concentration did show antibody, so also a larger sample of spinal fluid might 
be expected to be positive The demonstration of antibody at 1/200 serum dilution 
in this individual may be contrasted to its absence at the same dilution of serum of 
rabbits 1-24 and 1-27 of the same senes, which, although they survived, showed a 
prolonged course of fever, and even posterior limb paralysis in one Also in the same 
senes were rabbits 1-18 through 1-29, with no antibody at 1/200 serum dilution and 
no cerebral resistance Two additional rabbits of interest are 94 and 97, vacanated 
simultaneously with different doses, the former showed antibody at 1/200 serum 
dilution and was resistant, the latter did not, and succumbed 

The immune response and result of subsequent mtracisternal injection of 
active virus m the series of rabbits 1-53-1-57 are shown in Fig 1 

The three rabbits which showed antibody in the 1/300 serum dilution, and 
m spinal fluid when tested, resisted the test dose, whereas the two m which no 
antibody was demonstrable in the 1/300 serum dilution succumbed to it 

In summary, rabbits which had antibody demonstrable m the spinal fluid 
were found to resist active virus introduced into the central nervous system, 
lack of spmal fluid antibody was associated with lack of such resistance 

Specificity of Immunity Induced by Vaccination unth Formalin-Inactivated Virus 

Rabbits vaccmated with formalin-inactivated Western E E or Eastern E E 
virus were tested for cerebral resistance to Western E E virus 

Three rabbits were vacanated by seven subcutaneous injections of 2 to 5 cc of 20 
per cent suspension of chick-embryo E E E virus inactivated by formalin Three 
rabbits were vacanated with formokzed WEE virus Six doses were given on 
alternate days and after a rest period of 4 weeks, a final dose was given 5 days later, 
samples of blood and spmal fluid were taken and on the following day, the animals 
were injected intracerebrally with dilutions of mouse-brain WEE virus From six 
normal control rabbits, spmal fluid was obtained at the same time and they were 
injected with amounts of virus indicated in Fig 2 




Fia 1 Correlation of antibody in epinal flrnd (or fn 1/300 «emm dilntion) of 
F V vaccinated rabbits with resistance to intraosteroal injection of active vinu 


Keaponao to intnacerebrol injection of a ctive 'Vfestgm E F ^drna 




Flo 2 Specificity of cerebral resistance induced “pj - 

fonnolizcd Eastern or Western EJE. virus. A P 
posterior limb paralysis, Pr prostrate. 
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All normal rabbits succumbed to intracerebral injection of active WEE 
virus in dilutions indicated in Fig 2, after showing signs of typical encephalitis 
Of the vaccinated rabbits, the three vaccinated with Eastern virus succumbed 
typically, while the three Western virus-vaccinated animals showed a normal 
temperature after 3 to 4 days of fever, and recovered In a reciprocal test, 
rabbits vaccinated with F V -W E E virus succumbed to active Eastern, but 
resisted Western virus 

Thus cerebral resistance to virus was induced m rabbits by vaccination with 
formalin-inactivated vaccine of the homologous virus but not by the heterol- 
ogous virus This is in agreement with consistent evidence that Eastern and 
Western E E viruses are lmmunologically distinct, showing no cross-reactions, 
either by serum-neutralization test (8, 9) or by resistance tests in immune 
animals (6, 11) 

I 

DISCUSSION 

It has been found that a definite ratio exists between the concentration of 
neutralizing antibody in the seriim, brain tissue, and cerebrospinal fluid of 
rabbits vaccinated with equine encephalomyelitis virus Tins confirms the 
earlier observation of Freund on agglutinin to typhoid bacilli The results 
here reported were based chiefly on tests with spmal fluid rather than perfused 
brain extract, because (1) we could be more certain that there was no contam- 
ination with plasma, (2) the animal could be spared for resistance test, and (3) 
the concentration of antibody m the perfused brain extract was fully as high 
as that in the spinal fluid 

Whether spmal fluid obtained from the cistema magna represents a fluid 
similar to intercellular fluid of the brain is still under discussion Besides the 
well known source of spinal fluid m the choroid plexuses of the ventricles 
(12, 13, cf 14), there is a possible extraventricular source According to the 
experiments of Weed (15), there is a direct continuity of the intercellular spaces 
of the bram cells with pencapdlary spaces and these m turn with the Virchow- 
Robin spaces surrounding the pial vessels and finally the subarachnoid space 
Furthermore, he demonstrated a flow m the direction named, i e , from the 
capillaries to the subarachnoid fluid Kafka (13) presents diagrams of this 
circulation Since in mammals there is no evidence of a lymphatic system 
within the central nervous system, the circulation described may be consid- 
ered analogous to that of the interstitial fluid of other tissues Slight differ- 
ences in chemical composition between ventricular fluid and subarachnoid 
fluid lend supporting evidence for an extraventricular formation of spmal fluid 
and for such a physiological function Fnedemann (19), on the other hand, 
has reviewed the evidence for his belief that the spmal fluid is not necessarily 
an intermediary between blood and bram cells 

Regardless of the relationship between the interstitial and the cisternal 
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fluids, antibody in the spinal fluid serves as an indicator of antibody m the 
brain tissue, since there is a constant ratio between them 

The finding of antibody in the spinal fluid in a constant, but low ratio to that 
in the serum is m accord with the recent report of Rabat, Landow, and Moore 
(16), that the proteins of concentrated human spinal fluid show an electropho- 
retic pattern similar to that of the plasma proteins, and that alterations m the 
composition of serum proteins produce similar changes m the spinal fluid pat 
terns. The ratio reported of antibody in the spinal fluid to that in the serum 
is, moreover, similar to the total protein ratio (Flexner (17) gives an average 
total protein ratio of 1 250, although the normal range m both fluids is wide ) 
A similar ratio of agglutinin in spinal fluid to that in serum was established in 
animals which received antiserum intravenously, i e , by passive immunization 
(3) For these reasons, we bebeve that there is no necessity for assuming local 
production of antibody (18), but that antibody in the spinal fluid merely re- 
flects the antibody m the plasma m the ratio described 

In an animal sufficiently vaccinated, antibody is present m the central ner 
vous system, as determined by tests on spinal fluid Such an animal survives 
an intracerebral injection of active virus which is lethal for non vaccinated 
controls. That some cells may become infected, nevertheless as an immediate 
consequence of intracerebral injection of active virus despite the presence of 
antibody in the central nervous system, is indicated by the febrile response 
following the injection The mode of action of the antibody m the central 
nervous system may then be to neutralize virus deriving from infected cells 
and thus to prevent the spread of infection. Also, a certain amount of virus 
injected into a ventricle may be neutralized by the antibody present in the 
spinal fluid By the experimental procedure of an intracerebral injection, 
virus is placed in direct contact with susceptible cells, m contrast to inoculation 
of a vaccinated animal by a peripheral route where antibody may have full 
access to the virus before it reaches the central nervous system (6) 1 

The significance of antibody m the course of infection following jienpheral 
inoculation of virus (probably simulating more closely the natural mode of 
infection) has been discussed (10) After subcutaneous injection of active 
WiEJE virus m adult rabbits, systemic infection, accomjmmed by virus ra the 
blood stream, may be followed by virus invasion of the central ncrv 
ous system, characterized by high fever but without apparent signs of in 
volvement of the nervous system Such infection takes place when antibody 
has already appeared in the blood stream. Defervescence and recovery 

‘H. B Shamiri er Jr, and associates (/ Immunol , 1939 87, 425 BvU Joins 
Hoptms Bosp , 1940 67, 92) have reported that in active and passive Immunization 
in different species of animals, a higher level of antitoxin is needed for protection 
against tetanus toxm introduced into the spinal cord or medulla than when the tonn 
is given peripherally 



368 


RESISTANCE TO EQUINE ENCEPHALOMYELITIS VIRUS I 


set in at a time when serum antibody titer reaches 1/300 (or, m other 
words, when antibody is present in the spinal fluid) On the other hand, young 
rabbits, after a similar injection of virus, die of encephalitis before this anti- 
body level has been reached 

In human bemgs convalescent from infection with WEE virus, Howitt 
(20) found neutralizing antibody m the spinal fluid of seventeen of twenty 
cases which showed serum antibody In four monkeys which survived infec- 
tion induced by mtracutaneous injection of W E E virus, antibody appeared 
in the spmal fluid 

It has been said that the central nervous system is impervious to antibody, 
because a vaccinated animal may show antibody in the serum and yet not resist 
an intracerebral injection of a neurotropic virus The same apparent lack of 
correlation has led some to believe that antibody has nothing to do with im- 
munity of the central nervous system Having defined the conditions for 
availability of antibody, we believe that the r61e of antibody in immunity of 
the central nervous system is not unique but differs quantitatively from that 
of other tissues, t e , that it is necessary to have a high titer of antibody m the 
plasma in order to have a minimal amount present m the central nervous sys- 
tem The concept of availability of antibody may be applied to immunity 
to other infections Francis (21) has reported that serum antibody in influ- 
enza patients rose between the acute and convalescent phases, accompanied by 
a rise, at a considerably lower level, of inactivating capacity of the nasal secre- 
tion He suggested the possibility that only those individuals essentially 
devoid of such inactivating substance in their nasal secretions need be consid- 
ered susceptible to infection with the virus 

This definition of the relation of antibody to resistance allows immunity of 
the central nervous system to fall m line with the generally accepted principles 
of immunology 


SUMMARY 

1 Neutralizing antibody to equine encephalomyelitis virus was found in the 
spmal fluid of rabbits sufficiently vaccinated with active or formakn-inacti- 
vated virus Antibody was specific for the Western or for the Eastern virus 

2 Neutralizing capacity of spmal fluid was equivalent to that of a 1/300 
dilution of serum of the same a nimal , and was of the same order of magnitude 
as that of perfused brain of a vaccinated animal 

3 Vaccinated rabbits which showed antibody m the spinal fluid resisted 
intracerebral or mtracistemal injection of active virus This immunity was 
specific, t e , there was no cross-reaction between the Eastern and Western 
virus after vaccination with form alin -inactivated virus On the other hand, 
lack of antibody m the spmal fluid, even when antibody was demonstrable in 
the undiluted serum, was associated with lack of cerebral resistance 
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THE CONTROL OF THE RENAL EXCRETION OF WATER* 

I The Effect of Variations in the State of Hydration on Water 
Excretion in Dogs with Diabetes Insipidus 
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{From the Deportments of Physiology and Medicine, New York Unxeersity College of 
Medicine, and the Research Service , Third {New York University) Medical Dinsicm 
Welfare Hospital New York) 

(Received for publication Maj 22 1942) 

Chrome polyuria following ablation of the n eurohyp ophysia In the mammal 
is presumably due to a lack of adequate amounts of the posterior pituitary 
antidiuretic hormone. The polyuna of this condition has itself received con 
siderable attention. What has not been commonly appreciated is the wide 
fluctuations to which it is subject and which are commonly the result of vari- 
ables known to influence the water excretion of normal animals. The present 
investigations e x a m ine mto the circumstances which surround the effect of 
variations in bodily hydration on the rate of water excretion m diabetes 
insipidus- The variations in hydration were produced by the administration 
and withdrawal of water and by the ingestion of saline solution. The expen- 
men ts were designed to satisfy two ends The first of these was a functional 
description of the potentialities of the nephron to reabsorb water m the absence 
of the antidiuretic hormone. The second was the clarification of the relation 
ships among the individual processes within the nephron which together deter 
mine the renal excretion of water 


EXPERIMENTAL 

Material — Four female dogs with permanent diabetes insipidus were used They 
were prepared for us by Dr Allen Keller of the University of Alabama and were 
maintained in his laboratory for at least one year after the operation. The animals 
were fed a synthetic diet 1 during their stav m this labomtoty permitting eas> control 
of the foodstuff mixture its caloric value, and the salt content. The caloric intake 


* This investigation has been aided by grants from the Penrose Fund of the Ameri- 
can Philosophical Sodety and from the Dazmn Foundation for Medical Research 


1 The basic diet consisted of 
100 gm. cracker meal 
30 gm milk powder 
10 gm brewers yeast 
The salt mixture consisted of 

4 0 gm. magnesium dtiate 
1 0 gm feme citrate 


35 gm meat residue 
30 mi cod liver oil 
3 0 gm salt mixture 

lOOgm sodium chlonde 
4.0 gm calcium phosphate 
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was adjusted so that each animal approximately maintained its weight dunng the 
18 months of the present study Dog D died suddenly of an acute suppurative 
hepatitis after some months of apparent good health Dog C had two attacks of 
water intoxication They were promptly relieved by the intravenous administration 
of hvpertomc salt solution and appeared to leave no ill effects The animals were 
otherwise m good apparent health 

The operative procedure to produce the diabetes had been somewhat different in 
the animals The pituitary stalk was separated from the hypothalamus anteriorly 
in dogs A and B, and completely in dogs C and D, and a variable amount of contiguous 
antenor hypothalamic tissue was destroyed At autopsy, the striking abnormalities 
were neurological except for a moderate diminution m the volume of the suprarenal 
cortex and, m dog D, the hepatitis noted above (1) The pars nervosa of the postenor 
pituitary was completely absent m dogs C and D, while small remnants of the infun- 
dibulum, completely separated from the antenor hypothalamus, remained m dogs 
A ahd B It was estimated that there were approximately 1 to 2 pier cent of the 
normal number of cells remaining in the supraoptic nuclei m dogs C and D, 10 per 
cent in dog A, and slightly more than this in dog B This evaluation was based upon 
the examination of every 5th or 10th section from senal sections of the area Com- 
plete cell counts of the supraoptic nuclei did not seem warranted for the purposes of 
the present study In all cases the antenor pituitary had an abundance of normal 
tissue remaining 

A severe functional deficiency was present m each animal (Table I), and it was 
because of this functional evidence that the animals were selected for study How- 
ever, the anatomical findings serve a useful purpose They lend support to previous 
work (2) which indicates that, while the supraoptic-hypophysial system may be 
necessary for normal water balance, its complete destruction is not essential for the 
establishment of a permanent polyuria (dogs A and B) If the current new that the 
postenor pituitary hormone anses exclusively in the cells of the neurohypophysis (3) 
is correct, they minimize the possibility that any antidiuretic hormone was available 
in either dog C or dog D 

Methods — The experimental routines are described bnefly in the text or by 
reference Dunng short expenments the animals were placed upon a comfortable 
animal board They were trained so that restraints were unnecessary and they were 
never supine for any considerable length of time Dunng longer expenments the\ 
were kept in large metabolism cages 

Glomerular filtration rate was measured by the creatinine or mulm clearance 
Creatinine was determined by the Jaffd reaction, and mulm by copper reduction 
subsequent to acid hydrolysis (4) An alkaline copper solution was used which is 
suited to low concentrations of hydrolyzed mulm and which is adaptable to the 
Evelyn photoelectnc colorimeter It is necessary for the plasma and unne hydroly- 
sates to be neutral and to have a negligible buffer capacity when this reagent is used 
(5) Freezing point determinations were made by a method well suited for small 
volumes of the fluid (6) Total base was determined by electrodialvsis (7), sodium 
by uranyl zinc acetate precipitation following a prelimmaiy dry ashing (8) , chloride 
by silver precipitation (9), total solids of plasma and plasma water by w r eight, urea 
by manometnc measurement (10) Extracellular fluid volume was approximated 
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or measured by sulfocywiate or bromide (1 1) Changes m total solids of plasma were 
accepted as accurate reflections of changes in plasma volume if the latter were pro- 
duced acutely (Tables VI and VII) The validity of this relationship in the longer 
experiments (Tables IV and V) Is open to question 

RESULTS 

Daily Water Balance . — -The data of Table I are illustrative of the extent of 
chrome polyuria in the four animals when they had free access to dunking 
water The observations were made shortly after the arrival of the a nima ls 
m this laboratory and at least one year after the onset of permanent polyuria 
The polyuria remained of the same order of magnitude during the remainder 
of their stay save when variables were introduced which specifically affected 
it ( cf Table V and footnote 3) The activity of the animals was somewhat 


TABLE I 

Summary of Water Exckangt during First 2 lfontks of Observation 


Do* 

Operated upon 

Otnemtloo 

Weight 

Surface 

irw 

Water inUl* 

TJriao output 

Ckanerular 
filtration rate 

MW 

mom 

Maxi 

Mint 

Had 

Mini 

Mad 

mum 






uw 

Him/ 

lUtTlf 

Him/ 

nlj 

w./ 






*7 


*•7 

**7 

mlm. 

min 

D 

Aug., 1936 

Nov., 1939 

8 80 

0 50 

3 97 

6 07 

3 85 

5 61 

22 4 

34 9 

A 

Mar 193S 

Sept 1939 

11 80] 

0 55 

3 02 

5 48 

2 67 

5 34 

36 1 

53 8 

B 

May 1958 

Sept 1959 

T 25 

0 A3 

3 id 

6 31 

2 87 

6 01 

26 4 

41 2 

C 

July 1958 

Nov 1939 

11 30- 

0 55 

3 24 

4 96 

3 06 

4 50 

24 0 

33 0 


restricted during this tune since the collection of the data required the use of 
metabolism cages The experiments which sampled the glomerular filtration 
rate were so designed that they did not seriously influence the water balance of 
the animals. 

The renal excretion of water was not closely correlated with body weight, 
surface area, or rate of glomerular filtration, nor with the extent of neurological 
injuty The latter finding u particularly emphasised by the data on dog B 
This animal was the smallest of the four and the destruction of the supraoptic 
hypophysial system, as judged by cells remaining in the supraoptic nuclei, was 
less than in the remaining three and, more particularly, than in dogs C and D 
However, dog B had a greater polyuria throughout all periods of study than an) 
of the other animals Such variability is perhaps to be expected in a small 
group of animals. It would be surprising if the extent of the polyuria in an) 
animal was not conditioned considerably by the sensitivity of the thirst media 
nunn as well as by the operation of other factors which influence the water 
balance of normal annuals 
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The detailed data indicate that a relatively constant water turnover on con- 
secutive days does not imply a similarly constant rate of unne formation 
throughout the day When the day was divided into two 12 hour periods, the 
initial one starting at the time the animals were fed, the water intake and the 
rate of water excretion were considerably higher during the initial than during 
the subsequent 12 hour period The unne output during the second 12 hour 
penod was usually well below one-third of the total water excretion for the day 
In this respect the animal with diabetes insipidus does not differ greatly from 
the normal animal (12) and it appears as if a normal mechanism is simply 
superimposed upon the elevated water exchange The presence of salt m the 
diet may be expected to contribute to the effect and to have a simple explana- 
tion (see page 378), though multiple factors are undoubtedly mvolved (13, 14) 


TABLE n 

Experiments Which Examine into the Relationship leUveen the Stale of Hydration and the 
Glomerular Filtrahon, Unne Flow, and Tonicity of Urine 



Free access to water 

After 40 ml per kg water 

After 18 hr* 

dehydration 

Dog 

Urine 
flow | 

Creati 

nine 

clearance 

-A 

Unne . 

Urine 

flow 

Creati 

nine 

clearance 


Unne 
flow | 

Creati 

nine 

clearance 

-A 

Unne 

—A 

Plasma 


ml /mm 

ml / min 

c 

ml / min 

ml /min 

C 

ml /min 

ml /min 

c 

c 

D 

1 89 

34 5 

0 19 

3 52 


0 15 

0 21 

21 6 

0 90 

0 69 

A 

1 57 

40 8 

0 22 

5 40 

48 8 

0 14 

0 53 

36 8 

0 59 

0 63 

B 

1 40 

31 3 

0 21 

2 84 

35 2 

0 16 

0 19 

24 2 

1 01 

EE1 

C 

1 59 ) 

30 6 

0 19 

4 44 

42 2 

0 16 

0 21 

26 9 

0 94 

Eta 


Stale of Hydration versus Unne Flow — Our earhest observations suggested 
that in diabetes insipidus, as m the normal animal (15), there is rough correla- 
tion between the state of hydration, the rate of glomerular filtration, and the 
rate of unne formation Furthermore, the okguna of dehydration is frequently 
accompanied by freezing point depressions of unne which are higher than those 
concurrently found m plasma These relationships were examined systemati- 
cally m a senes of experiments 

Four experiments are presented in summary form m Table II and are representative 
of the usual findings The initial observations were obtained 16 hours after the last 
meal, while the animals had free access to water Water was then administered by 
stomach tube and 1 hour later a second senes of observ ations was made The animals 
were fed and drinking water was permitted for the subsequent 4 hours, at which time 
it was removed The final senes of observations was made 18 hours later Each 
senes consisted of three experimental penods 

These experiments yield supportive evidence for the existence of a general 
relationship between hydration, glomerular filtration rate, and unne flow, but 




















JAMES A. SHANNON 


375 


as m the normal dog (15), the relationship 15 only clearly apparent at the ex 
tr ernes o! hydration There is usually some fall in glomerular filtration rate 
during dehyd ration and this may be an important factor in the production of 
oliguria It must be emphasized, however that the oliguria does not involve 
an> great fall m the rate of glomerular filtration but is m part attributable to 
tubular reabsorpUon of water as shown by the attainment of moderately high 
creatinine U/P ratios and the frequent occurrence of unne hypertonicity 
However, the capacity of these animals to form a hypertonic unne was con 
siderablj less than that of the normal dog with comparable dehydration ( cf 16), 
as was their ability to concentrate creatinine. The creatinine U/P ratios were 
usually below 200 in the animals with diabetes insipidus and we observed a 
value as high as 300 on only one occasion. Normal animals with comparable 
dehydration reach creatinine U/P ratios of 500 to 800 (15) Dog B (see 



CroaLLnlna Cotlo 

Flo 1 The relationship between the orea/creatinine clearance ratio and the 
creatinine U/P ratio in four dogs with diabetes insipidus 

Table II) concentrated more extensively than the re m a in ing three a nim a l s, and 
it will be noted that this animal was judged to have the largest quantity of 
residual supraoptic hypophysial tissue A hypertonic unne was not found in 
the experiment on dog A given in Table H, but was present on other occasions 
during similar dehydration 

Mechanism of Water ReabsorpUon during Dehydration —There are relativelj 
few means b> which water reabsorption can be compared m diabetes insipidus 
and in the normal animal in terms of renal tubular mechanisms There are, 
however three phenomena which may be expected to yield some critical 
information the minimal creatinine or raulra U/P ratio during water diuresis, 
the relationship between urea reabsorpUon and water reabsorpUon, and the 
identity of simultaneously observed creatinine and inulin clearances at low 
urine flows 

It is unusual for the inulin or creatinine U/P raUo to fall significantly below 
10 during water diuresis (40 to 50 mb per kilo) m the normal animal (15) 
presumably because 85 to 90 per cent of the filtered water is reabsorbed m the 
proximal portions of the nephron (17-19) The fact that the creatinine or 
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mulm U/P ratio during maximal water diuresis does not fall below this same 
range in diabetes insipidus (Fig 1, Table IT) indicates that such proximal 
reabsorption of water is unimpaired The normal value of the urea/creatinine 
clearance ratio at the high urine flows is supportive evidence for this belief 
When the creatinine U/P ratio is elevated above 10 by an increase m the frac- 
tion of water reabsorbed, there is an accompanying increase in urea reabsorp- 
tion in dogs with diabetes insipidus (Fig 1) which is much the same as in the 
normal animal (15) Such parallel behavior would be an unlikely finding if 
water reabsorption m the animal with diabetes insipidus differed qualitatively 
from that in the normal animal 

The simultaneously determined creatinine and mulm clearances appear to 
be identical in diabetes insipidus (Table m) This finding is important if 
creatinine or inulin is to be used m the measurement of glomerular filtration 


TABLE m 

A Summary of Experiments Which Compare the Simultaneous Inulin and Creatinine Clearances 


Dog 

Periods 

Urine flow 

Inulm U/P ratio 

Mean clearance 

Creatmme/mulin 
clearance ratio 

Mini 
mum 1 

Man 
mum 1 

Mini 

mum 

Maxi 

mum 

Inulin | 

Creati 

nine 

Mini 

mum 

Maxi 

mum 

Mean 

B 

3 

ml /mm 1 

0 117 


72 0 

223 


ml / min ' 

25 8 

0 960 

1 030 

1 002 

B 1 

3 1 

0 139 

0 161 

154 0 

186 


25 2 

0 950 

0 984 

0 969 

B 

5 

0 166 

0 582 

48 4 

134 

23 7 

23 8 

0 960 

1 055 


A 

3 

0 235 

0 660 

60 5 

160 

39 2 

38 1 

0 944 

0 995 

0 975 

A 

3 


0 197 

213 0 

329 

40 5 

40 6 

0 980 

1 030 



rate An abnormal type of water reabsorption is also ruled out by these experi- 
ments, such as that which we have observed m the surviving kidney when per- 
fused by a pump-lung circuit and which is characterized by the reabsorption 
of creatinine when the reabsorption of water is great (20) 

The Origin of Water Excreted during Dehydration — The mechanism by which 
animals with diabetes insipidus discard large volumes of water and still main- 
tain circulatory competence and a relatively high glomerular filtration rate 
was investigated 

The animals were kept m metabolism cages and water intake was measured for a 
penod of 3 days before the control observations 16 hours after the last meal minimal 
amounts of sodium bromide or sodium sulfocyanate were injected and 2 hours later 
the experiment was started by a urine collection penod followed by a blood sample 
The animals were then weighed and returned to the metabolism cage without food 
or water for 24 hours The bladder was emptied, a urine collection penod taken, 
the blood sampled, and the animals reweighed They were then permitted to satisfy 
their thirst by giving free access to water for 60 minutes 
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A typical experiment* is summarized m Table IV The urinary loss of water 
was 0 91 liter and the total weight loss 130 kilos Since no fecal material was 
passed, it can be assumed that the loss of water by all routes was close to the 
higher figure 1 JO kilos is 42 per cent of the volume of extracellular fluid as 
measured m this animal by the volume of distribution of the bromide ion (II) 
However, calculations through the change in serum sodium (21) indicate that 
the contraction of the extracellular fluid compartment was less than hnlf of this 
value, and it must be concluded that a large portion of the fluid lost was 
derived from the intracellular compartment The dehydration may have 

TABLE IV 

An EzfenotenJ W kick Examines into tke Source of the Water Lost during a 24 Sour Period 
of Dtkydrahon 

Dog C The water turnover was 3 6, 3 5 and 3£ liters in the 3 days preceding the expert 
meat. 0.91 liter of unne wa* excreted (Na — 4J> mu per liter) during the dehydration period. 
At the termination of the experiment the animal drank 3 04 liter* of water 



Tnilf,! 

Final 

Body weight k[ 

12 00 

10 71 

Extracellular fluid (Br) liters 

3 04 

2 If 

Serum 



Total solids, [or per cent 

8 2 

11 04 

Sodium mv/hicr 

145 3 

175 5 

Halide, thu fitter 

110 6 

132 0 

-A C 

0 59 

0 70 

Urine 



Rate, wd /min 

1 58 

0 15 

Sodium, mu fitter 

9 6 

3 8 

Halide mufiiler 

8 1 

5 2 

—A C 

0 18 

1 02 


* Through sodium. 


changed the distribution of some ions but such changes could not be extensive 
enough to invalidate this interpretation The change m the total solids of 
plasma indicates that the plasma volume was contracted to about the same 
extent a 3 the volnme of extracellular fiord The contraction is apparently 
s mall enough and takes place slowly enough so that adjustments in the systemic 
and renal circulation maintain an adequate filtration pressure m the glomeruli 
(Table II) 

The mechanism by which intracellular water is made available for renal 
excretion m this type of dehydration is quite clear On the one hand the essen 

s The results in the other experiments were similar to those of the experiment shown 
in Table IV the only difference was In the extent of water lost In terms of bodj 
weight this was dogB 0 79 kilo dog A 0 78 kilo dog D, 1 JO kilos 
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tially complete renal tubular reabsorption of sodium, coupled with the extra- 
cellular position of this ion (21), results m the withdrawal of water from the 
cells as sodium is retamed m the body during a period when sodium-free water 
is discarded by renal action On the other hand, the complete reabsorption of 
sodium and hence its retention in the body is facilitated by a reduction in the 
rate of glomerular filtration (see below), as well as by a deficiency of anti- 
diuretic hormone (22) 

Effect of Saline Ingestion on the Magnitude of Polyuna — The circumstances 
which surround the increase m the polyuna of diabetes insipidus when the 
drinking fluid is changed from water to a sodium chlonde solution (23, 13) 
were examined in three of the animals 

Three general expenmental routmes were used and each type of experiment was 
performed at least once on each of the three dogs The animals were studied when 
at equihbnum with water, with 0 5 per cent NaCl solution, and on return to water 
(Table V), the minimal penod with each drinking fluid being 2 days They were 
observed as they proceeded from equihbnum on water to equilibnum on 0 5 per cent 
saline (Table VI) , and as they returned to equihbnum on water again (Table VII) 
Continuous observations were possible m the last two types of experiments because 
of the prompt attainment of equilibnum All expenmental penods were terminated 
by cathetenzation Drinking fluid, whether water or 0 5 per cent saline, was always 
available in excess of the desires of the animals The animals were maintained m 
large metabolism cages except during sample collections, and these were performed 
as expeditiously as possible This was essential if uncontrolled variables were to be 
minimized, since the fluid turnover was so large on the saline solution 

Polyuna* and a greater variability than normal m the volume of extracellular 
fluid, serum total base or sodium, and glomerular filtration rate are the only 
outstanding abnormalities which differentiate the water and electrolyte pattern 
of animals with diabetes insipidus from the normal when drinking water is freely 
available A change m the drinking fluid from water to 0 5 per cent saline in- 
creased the seventy of the polyuna in our experiments, as was expected (Table 
V) There were m addition a marked elevation of the glomerular filtration 
rate, and a moderate increase in the volume of extracellular fluid and of plasma 
and m the concentration of the total base m serum Potassium analyses were 
unsatisfactory m our laboratory at the time of these experiments but it was clear 
that the increase m total base was due to an increase m the concentration of 
sodium and that potassium was displaced from the body by renal excretion 

A description of the mechanism by which sahne ingestion enhances the poly- 
uria of diabetes insipidus appears to require an elucidation of the factors which 

3 The polyuna was somewhat less in dogs A and C during this penod than that 
previously observed (Table I) or that observed subsequently This finding may be 
attnbuted to the circumstance that they were bemg maintained on one-half their 
usual food intake as a weight-controlling measure (13, 14) 
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result m the increase in glomerular filtration and the consequences of such an 
increase on the excretion of water and electrolyte. The sequence of events is 
shown in Table VI On ordinary drinking water the animal has a median rate 
of glomerular filtration and a moderate urine flow which are determined in 


TABLE V 

Equilibrium Slates on Water Saline (SS mu per Liter) and oh Return io Water 


DO" 

Fluid Intake 

J Semm 

Glcraer 

U XT 
£ lint I cm 

fit* 

Urine ^ 

1 W*trr balance 
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OJpc 
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N»a 
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b*-*c 
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to lid* 
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fluid! 
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V-j 1 
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m l \ 
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2 38 


154 3 

8 21 

33 8 

12 0 

12 1 

2 42 
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6S 


13 70 

158 7 

7 39 


84 3 

13 7 

3 50 


7 | 



| 160 2 i 

7 36 

64 9 

85 0 

12 9 i 

3 31 


10 

2 56 | 

14 94 j 

152 8 

8 16 

34 6 

14 5 

12 2 

2 50 



DogB 


1-5 

68 , 
7 

10 

4 19 1 

4 80 

17 4 

18 6 

156 7 
165 2 
164 5 

157 2 

8 3t 

7 60 , 

7 51 

8 20 

33 1 

66 2 

35 4 

9 3 
86 0 
85 5 

12 6 

8 30 

9 05 

9 10 

8 35 

2 15 

2 86 

2 94 

2 16 

Regular 

DogC 

1-5 

1 2 94 


154 3 

1 8 64 

31 7 

9 6 

1 12 15 

2 61 

H regular 

6} 


12 2 

! 159 9 

8 04 


87 0 

13 10 

3 56 


7 


11 96 

161 1 

8 03 

56 2 

86 2 

12 SO 

3 28 


10 

1 2 95 


1 153 2 

8 30 

30 8 

13 2 

12 10 

2 65 



* Urine cample taken at termination of each day 
} As approximated by sulfocyanate. 

} Between the 5th and 6th dayx an 8 hour period wax allowed for equHTb ration with the 
wdine aolutkm Thh period wax not analyzed 

part, by the degree of hydration (see above) and the unne is essentially free of 
sodium (period 1) With the ingestion of saline there occurs an expansion m 
the volume of extracellular fluid and plasma (see accumulated balance. Table 
AT) through me chanisms not yet elucidated this expansion leads to an increase 
m glomer ular filtration. This in turn produces an increase in unne flow which 
is not at first accompanied by an equivalent increase in the excretion of sodium 
the concentration of urinary sodium being below that of the ingested saline. 
Loss of water, therefore, proceeds without a comparable loss of sodium and an 
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increase in the concentration of extracellular electrolyte occurs before there is an 
opportunity to restore the volume of the extracellular compartment to its initial 
value The thirst mechanism is stimulated by this increase in the concentra- 
tion of extracellular electrolyte (24) and the animal takes a second drink of 
saline (periods 2 to 3) The ingested fluid, being hypotonic, dilutes extracellu- 
lar electrolyte and thirst is temporarily satisfied However, the ingested saline 
further expands the extracellular fluid and plasma volume and leads to a further 
mcrease in the filtration rate, this cycle proceeding until the filtration rate of 
sodium is in excess of the tubular reabsorptive capacity* in the proximal seg- 
ment Sodium is now excreted in significant amounts, but at a urine concen- 


TABLE VI 

The Process of Attaining Equilibrium When an Animal with Diabetes Insipidus Is Placed on 

Saline (85 mu per Liter) 
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Placed on saline solution 85 5 mM/liter 
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330 

28 2 

170 

2 7 

160 

25 5 


158 5 

8 67 

2 62 

16 0 

3 


320 

27 4 

217 

7 4 

263 

45 5 

38 2 

159 9 

8 14 

4 34 

34 0 

4 
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46 2 

517 

16 0 

286 

75 7 



7 79 


30 8 

5 


1090 

93 2 
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27 4 

741 

141 5 

57 7 

160 5 

7 78 

8 82 

43 2 

6 

6 47 

730 

62 4 

956 

75 0 

515 

128 9 


161 5 

7 91 


78 4 

7 

7 45 

1080 

92 4 


81 8 

615 

139 5 

61 2 


7 91 

16 9 

83 5 

8 

8 51 


76 0 


81 4 

545 

134 1 

62 3 

161 8 

7 88 

14 6 

84 8 


tration still below that of the ingested fluid (periods 3 to 5), and hence concen- 
tration of extracellular electrolyte again occurs as water is discarded m excess 
of sodium 

After several of these episodes glomerular filtration is increased to such an 
extent that the filtration of sodium considerably exceeds the reabsorptive 
capacity of the proximal segment, and the sodium concentration of the unne 

4 Reabsorptive capacity is used m a very broad sense throughout this paper and 
is not the equivalent of Tin as used to describe the transfer maxima of organic sub- 
stances such as glucose (25) There is as yet no simple means of quantitating the 
capacity of the s> stem responsible for the transfer of sodium under any given set of 
circumstances The ability of the normal dog to maintain a normal electrolyte 
balance despite wide fluctuations in filtration rate, the result of dietary regime, is 
an indication of the functional adaptability of this system 
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attains that of the ingested fluid. As long as the animal continues to drink the 
salme solution at will, it remains m a more or less steady state with respect to 
both water and sodium (periods 6 to 8) A true steady state is not established, 
however, since the dnnhmg may be episodic rather than continuous and there is 
a lag between the d nuking of saline and its absorption Following each drink 
of saline a period of high urrne flow produces a progressive contraction of extra- 
cellular fluid and plasma volume, which finds renal expression in a lowered fil 


TABLE VH 

The Process of Attaining Equilibrium Wken on Animal Equilibrated wilk Saline (SS mu per 
titer) Is Returned to Water 
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tration rate and decreased sodium aeration, the excretion of water m excess of 
sodium produces an increased concentration of electrolyte in the extracellular 
fluid and the mimil a stimulated to drink, thus initiating the following oscilla 
tion The experiment given in Table VH waa selected to illustrate this portion 
of the cycle as well aa the reversion to normal through the dr ink i n g of water 
It shows the contraction of extracellular fluid and its sequelae particularly well 
since the anrmal refrained from drinking for a considerable period of tune 
When the animal drinks water a prompt reversion to the normal state occurs 
The mechanism of the reversal is illustrated bj the experiment presented 
in Table VIL The mitral effect of the ingested water is qualitatively the same 
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as if saline were taken, the increase in filtration rate being somewhat less since 
the water is distributed in a larger volume than is sabne However, the in- 
crease m filtration rate permits the continued excretion of sodium, creating a 
sodium deficit smce the fluid absorbed is sodium-free The fluid exchange re- 
turns approximately to the pre-saline level when extracellular fluid and plasma 
volume and consequently the filtration rate have been reduced to normal, and 
when sufficient sodium has been excreted so that its concentration in the ex- 
tracellular fluid compartment is in the normal range This usually takes place 
in a period of 4 to 6 hours 


DISCUSSION 

It is accepted that the polyuria of diabetes insipidus is attributable to a de- 
ficiency of the antidiuretic hormone of the posterior pituitary gland Owing to 
this deficiency the active tubular reabsorption of water in the distal segment or 
distal portions of the nephron is quantitatively unimportant under conditions of 
ordinary hydration so that a markedly hypotonic unne is formed Neverthe- 
less, the renal response to dehydration is similar to the response of the normal 
animal It may be that the chronic polyuria does not exclude the presence of 
sufficient posterior pituitary tissue with which to form the antidiuretic hormone 
in significant amounts during dehydration Alternatively, the nephron may be 
able to reabsorb water against an osmotic gradient in the complete absence of 
the antidiuretic principle The anatomical and functional data collected from 
dogs C and D incline us to the latter view according to which the antidiuretic 
hormone facilitates or accelerates the hypertonic reabsorption of water but is 
not essential for the process 

In either of these views dehydration in both normal and diabetes insipidus 
animals would impose upon the distal segment the conditions favoring the 
formation of a highly concentrated urine The complete reabsorption of 
electrolyte, particularly of sodium, high m the proximal segment (19) would be 
the first essential for this operation A reduced filtration rate would facilitate 
this process as well as the early attainment of osmotic equilibrium between 
tubular contents and renal interstitial fluid through the passive reabsorption of 
water Such reabsorption of water may be expected to take place in the prox- 
imal segment, Henle’s loop, and possibly m the distal segment and to proceed in 
response to the force established by the active absorption of osmotically active 
material in the proximal segment (3) Under these circumstances only small 
quantities of fluid are dehvered to the distal segment and oliguria may result from 
this mechanism alone, in the absence of any active force applied to water itself 
Data obtained from a normal dog which emphasize this concept are presented in 
Fig 2 Thermodynamically no work is directly performed on water m this 
senes of observations until the unne flow is below 0 4 ml per minute, at which 
time the freezing pomt depression of unne is equal to that of plasma 
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It seems likely, from these considerations, that the quantitative relationship 
between glomerular filtration and proximal tubular reabsorption, particularly 
with respect to the electrolytes, is an important determinant of the rate of water 
excretion in the normal animal The control of (distal) reabsorption of water 
by the antidmretic hormone in the normal animal is a device added to the above 
mecha nism contributing both a more rapid and a further conservation of water 
by an active process permitting the elaboration of a highly hypertonic unne 



Fig 2 The relation between unne flow and the osmotic pressure of the unne in a 
normal dog on a low protein diet Each point represents a single experimental 
observation Sj\ indicates surface area The line drawn horuontally at —A 
— 0 6°C represents the mean of a senes of plasma observations obtained during 
moderate deh> dratfon These relationships are not fixed In any animal but wffl vary 
depending upon variations in glomerular filtration rate, food and salt intake Conic 
quentl} there will be a variation in the lower limit of the unne flow which thermo- 
dynamically does not require the application of work on the water m the system 

The importance of such quantitative relationships m the proximal portions of 
the nephron in the overall determination of water excretion is fortified by the 
experiments which examine the enhancement of polyuna in diabetes insipidus 
when saline is ingested Two fundamental derangements in electrolyte-water 
balance appear to be involved jn this phenomenon both being attributable to a 
deficiency of antidmretic hormone They are an m crease m the reabsorptive 
capacity for sodium proxunally in the nephron and an impairment in the active 
reabsorption of water distally (22) When saline is ingested both derange- 
ments, together with the nonnal operation of the thirst mechanism favor the 
progressive localization of sodium m the body with a consequent increase in the 
volume of extracellular fluid and plasma Circulatory adjustments result in a 
progressive increase in the rate of glomerular filtration and it appears that this 
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increase is the immediate cause of the increased polyuna as well as the circum- 
stance which permits the ultimate attainment of sodium balance 

The mechanism which is responsible for the increase in unne flow appears to 
he in the circumstances which surround the reabsorption of water in the prox- 
imal portions of the nephron Normally, we suppose the reabsorption of solute 
proceeds more rapidly than the passive reabsorption of water, so that tubular 
unne is hypotonic as it enters the distal segment Otherwise, it is unlikely that 
a hypotonic unne would be formed in those conditions in which the active re- 
absorption of water dis tally is minimal, ie,m diabetes insipidus or dunng water 
diuresis in the normal animal An increase m glomerular filtration rate, by 
diminishing the time available for the equilibration of the tubular urme will 
result, under these conditions, in a smaller percentile reduction m the diffusion 
gradient of water and hence will deliver fluid to the distal segment at a higher 
rate 6 As the progressive elevation of filtration continues and the reabsorption 
of electrolyte becomes less complete there is added to this increased flow factor a 
reduction in the diffusion gradient of water itself, m consequence of the presence 
of unabsorbed sodium This contributes to the increase in the rate of delivery 
of fluid to the distal segment Some reabsorption of water presumably con- 
tinues to occur in the distal segment at all times owing to the incomplete dissi- 
pation of the diffusion gradient of water However, without the antidiuretic 
hormone to facilitate or accelerate distal reabsorption, this process remains 
quantitatively unimportant in reducing the polyuna 

It may be suggested, as a logical extension of the discussion, that the unne 
formed in diabetes insipidus dunng normal hydration approaches in character 
that which, under the same circumstances, would be dehvered to the distal seg- 
ment in the normal animal These experiments are then examples of how van- 
ations m the quantitative balance between glomerular filtration and proximal 
tubule reabsorption can vary the amount and character of the fluid presented to 
the distal segment, thereby contributing directly to the regulation of the vol- 
ume and composition of the urme (18) and indirectly to that of the body fluids 

SUMMARY 

Water and electrolyte excretion has been studied in a senes of dogs with dia- 
betes insipidus, m which the extent of neurological damage was subsequently 
determined The animals were studied before and after the introduction of 
vanables which produce marked changes in the state of hydration, — admin- 
istration and restriction of water and the substitution of 0 5 per cent sodium 
chlonde for it as a drinking fluid Observations were made on those factors, 

6 More generall} , this would not be expected to obtain under conditions m which 
the initial state mvolved an extensive reduction m glomerular filtration rate, or, 
in which the increase in glomerular filtration was accompanied by a comparable 
increase in the ability of the tubules to reabsorb sodium 
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both general and renal, which appear to be important in determining the excre- 
tion of water and electrolyte, or which may be expected to yield information on 
the mechanisms by which the regulation of such excretion is achieved These 
are the volume of extracellular fluid and plasma and the concentration of the 
con tamed electrolyte, glomerular filtration rate, and the excretion of electro- 
lyte, urea, and water itself, as well as the tonicity of the urine 

conclusions 

1 Changes in the renal excretion of water, in response to extensive changes in 
hydration, appear to proceed m the dog with diabetes msipidus m a fashion 
which is qualitatively similar to that in the normal animal The oliguria 
produced by dehydration is frequentl> characterised by a hypertonic urine and 
requires the active tubular reabsorption of water This type of ohguna does 
not appear to require the presence of the antidniretic h orm one 

2 Extensive dehydration in dogs with diabetes insipidus, when due to the 
renal loss of water, a not accompanied by circulatory collapse or an extensive 
fall in glomerular filtration rate. This circumstance is related to the mam 
tenance of an adequate volume of extracellular fluid in consequence of the 
complete tubular reabsorption of filtered sodium and the extracellular posi 
tion of this ion. 

3 The enhancement of the polyuria of diabetes msipidus which results from 
the ingestion of saline is due to an exaggeration of the deficiencies in renal func 
turn caused by an inadequate supply of the anhdruretic hormone. These are an 
increased capacity for the reabsorption of sodium proximally and a diminution 
m the active reabsorption of water dis tally The saline regime, under these 
circumstances, produces a localization of extra sodium m the body, an increase 
m the volume of extracellular fluid and plasma, and an increase in glomerular 
filtration rate The m crease m glomerular filtration rate is the fundamental 
change which both produces the increase in urine flow and permits the establish 
ment of sodium balance. 

4 The same variables appear to be responsible for the low unne flow of de- 
hydration and the excessively high flow when sal me is used as a d rinking fluid m 
diabetes msipidus They arise from the circumstances which surround the 
proximal reabsorption of water and electrolyte and the quantitative relation 
ship between these and the rate of glomerular filtration which together de- 
termine the volume of fluid delivered to the distal segment 

We wish to thank Dr Allen Keller of the University of Alabama for the operative 
preparation of the dogs with diabetes insipidus and for the histological examination 
of the tissues at the termination of the study 
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These experiments were performed for two purposes. The first was to define 
the normal rate of liberation of the antidiuretic hormone The action of the 
hormone on the renal tubular reabsorption of water is fairly clear, at least in its 
qualitative aspects Its normal participation, with the suprarenal cortical 
hormone, m control of the renal tubular reabsorption of sodium (1^3) is less 
certain because of the excessive amounts of antidiuretic hormone commonly 
used to demonstrate such an action. A decision on the function of the anti 
diuretic hormone and its relation to other variables m the two systems cannot 
be arrived at until its normal rate of liberation is defined 

The second purpose was the clarification of those relationships within the 
nephron which appear to be important m determining the volume as well as the 
composition of the final urrne There is normally a rather precise balance be 
tween the glomerular filtration rate and tubular reabsorptive capacity (prox 
nnal) in the individual nephra which permits the kidney to function as if the 
operations of filtration and reabsorption were taking place in a single Dephron 
(4, S) This balance is particularly important in the case of electrolyte if, as 
seems likely, the reabsorption of osmotically active material in the proximal 
portions of the nephron (6) indirectly provides the force for the reabsorption of 
a large portion of the filtered water (5, 7) A disturbance of the normal rela 
tionship, such as an increase in glomerular filtration without a comparable 
increase m the reabsorptive capacity of the tubules, establishes conditions which 
favor an increase m the rate of untie flow The converse is also to be ex 
pected (8) 

experimental 

Material — Seven female dogs were used. Four dogs had permanent diabetes 
insipidus and their state has been previous!} described (8) the rema i nder were normal. 
The following data (May 6 to 13 1940) on the weight and unne flow ol the diabetes 

* This investigation has been aided by a grant from the Daxian Foundation for 
Medical Research 
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insipidus dogs are typical of the period covered by these experiments Dog A, 1 1 65 
kilos, 3 45 liters per day, dog B, 7 25 kilos, 4 15 liters per day, dog D, 8 8 kilos, 4 21 
liters per day, dog C, 11 3 kilos, 3 34 liters per day The slight reduction of the 
polyuna, as compared to that of the initial observations may be attnbuted, if signifi- 
cant, to quantitative changes in the diet (9, 10) rather than to an essential change m 
the fundamental deficiency m the animals The normal dogs weighed between 12 
and 15 kilos 

Methods — The method of administration of a hormone is of particular importance 
if the collected data are to be used to define its normal rate of liberation The pro- 
cedure must mimic the normal process as far as is experimentally possible Adminis- 
tration of the hormone m our experiments was by a slow infusion into the marginal 
ear vein of the dogs at a rate of 5 0 or 10 0 ml of fluid per hour The infusion arrange- 
ments were as follows The shaft of a 20 gauge, short beveled needle was used as a 
cannula and was connected to an mfusion pump by' small caliber, light weight rubber 
tubmg The tubing was clipped to the dog’s head and the cannula was attached to 
the ear by a paper clip, with the edge of the ear supported by a small piece of celluloid 
Both ears were then folded and taped together for added stability Such arrange- 
ments allow the animals considerable freedom and permit prolonged observations 
without requiring the use of restraints The shortest time which elapsed between 
the beginning of a hormone infusion and the beginning of an experimental observation 
was 25 minutes, frequently a longer preliminary adjustment period was permitted, 
particularly' at the low rates of hormone administration 

Three general types of expenments were performed , some were less extensive than 
those shown in Tables I to III in that fewer variables were examined serially The 
preparation of the animals was the same for all expenments unless stated to the 
contrary They were permitted water up to an hour before the beginning of the 
experiment, which was performed 16 to 20 hours after the last meal Creatinine for 
the measurement of glomerular filtration rate was injected subcutaneously or included 
in the infusion fluid The general experimental routine, the preparation of samples 
for analysis, and the chemical methods were the same as those previously' used by 
us (8) A smgle preparation of pituitary liquid (u s P , Armour) was used throughout 
Bioassay, at the beginning and termination of the study', showed it to contain 10 
pressor units per ml of solution 1 The hormone infusions were prepared by 
dilution with physiological saline solution acidified with hydrochloric acid to a pH 
of 5 5-6 0 Such solutions of hormone are quite stable However, fresh dilutions 
of hormone were made each 60 to 90 mmutes 

RESULTS 

Anttdiurests — The following observations on dogs with diabetes insipidus 
relate to the antidiuresis produced by the constant intravenous mfusion of the 
antidiuretic hormone Some of the salient features of this portion of the data 
are summarized m Fig 1 The experiments were similar m design to that of 
Table I and the early portion of the experiment of Table II 

1 We wish to thank Dr E M K Geihng for the bioassavs at the termination of 
the study' 
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1 A dmini stration of the anti diuretic hormone was not accompanied by a 
change in the rate of glomerular filtration in the range of hormone administra 
tion used (1 0 to 350 mi Ilium ts per hour) All changes m unne flow were there 
fore the result of changes m the reabsoiption of water 

2 There was considerable variation in the degree of antidiuresis produced by 
a given level of hormone ad minis tration in the different animals and in each 
a n i m al at different times This was true however the antidruresis is evaluated , 



Fio 1 The unne flow in four dogs with diabetes insipidus at various rates of 
administration of the antidiuretic hormone The data were collected in experiments 
similar In design to that of Table I and the first portion of that of Table II. Each 
point is the mean of two or three consecutive periods. The lines connect observation* 
obtained sen ally the unconnected points axe from experiments in which a single rate 
of hormone administration was e xami ned. 


, as absolute or percentile reductions in water excretion or as absolute rates of 
water excretion 

3 Graded antidiurests with graded hormone administration was consistently 
observed only in the range of 1 0 to 5 0 mflliumts per hour 

4 When a single experiment included a senes of progressively increasing 
rates of hormone administration maximal antidiuresis was usually reached at 
5 0 mill limits of hormone per hour There was never a further increase in the 
antidiuresis when the hormone was raised from 20 milhcmits to some higher 
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value Under the latter condition the unne flow remained the same or in- 
creased with the increase m the rate of hormone administration 
5 The minimal unne flows during hormone antidiuresis were frequently higher 
than those sometimes observed in the same animals after simple dehydration for 
18 to 24 hours However, in hormone antidiureszs the unne was consistently 
more hypertonic than m the oliguria of simple dehydration (Compare Fig 1 
with Table II, in the preceding paper ) 

TABLE I 

An Experiment on a Dog with Diabetes Insipidus Winch Examines t nto Some Effects of the 
Admtnislratton of the A nltdturdic Hormone by Constant Intravenous Infusion 
This experiment is typical m that it shows no significant change in glomerular filtration 
rate, graded antidiuresis m the lower range of hormone administration, and an increase in 
electrolyte excretion which is related to the hormone administration 

Dog D, weight 8 8 kilos Creatinine was incorporated m the mflusion fluids, its plasma 
concentration varied from S 31 to S 67 mg per cent, the serum sodium was 149 0, the chlonde 
114 2 mu per liter 


Penod 

Concurrent 

time 

Urine flow 

Creati 

nine 

U/P ratio 

Creafcj 

nine 

clearance 

UnneNa 

Urine Cl 

N& 

excretion 

Cl 

excretion 


min 

ml /mm 


ml f min 

mv/htcr 


mi/liler 


mn/min 

i 

0-21 

2 10 

16 3 

34 2 

6 


8 


0 01 7 

2 

-40 

2 42 

14 7 

35 6 

7 


8 

0 017 

0 019 


43 




3 

75-91 

0 33 


35 0 

63 



0 021 

0 020 

4 

-110 

0 32 

104 

33 2 

68 


62 

0 022 

0 020 


112 




5 

141-161 

0 24 

141 

33 8 

112 



0 027 

0 025 

6 

-180 

0 25 


35 0 

118 


107 

0 030 

0 027 


183 


unit per hr 



7 

210-230 

0 21 

165 

34 7 

161 


147 

0 034 

0 031 

8 

-249 

0 21 

172 

36 1 

157 


145 

0 033 

0 030 


254 

Pitmtnn infusion 0 020 unit per hr 



9 

281-303 

0 26 

137 

35 6 

169 


152 

0 014 


10 

-325 

0 25 

137 

34 5 

172 


154 

0 043 

0 039 


6 Unne flows at true oliguric levels (t e , 0 1 ml per minute or less in a 10 0 
kilo dog) were only obtained by the combination of moderate to severe dehy- 
dration and hormone administration This regime produced creatinine U/P 
ratios comparable to those commonly observed with severe dehydration m the 
normal dog (11) 

7 The administration of 40 to 50 ml of water per kilo elevated the range of 
hormone administration which produced graded antidiuresis and diminished 
the degree of antidiuresis at a constant rate of hormone administration 

These observations define the quantitative relationship between hormone ad- 
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ministration and antidiuresis m the dog with diabetes insipidus, m so far aa a 
definition can be made m terms of the overall effect, t e., rate of nnne flow Of 
equal importance is the support which they give to the viewpoint that the anti 
diuretic hormone is only one of a senes of variables which are concerned in the 
production of variations in the rate of unne formation 

Sodium and Chloride Excretion — Observations on the influence of the anti 
diuretic hormone on the excretion of electrolyte were limited to sodium and 
chloride. The experiments were similar m design to the one shown m Table I 
and the first portion of that in Table H and were, for the most part, the expen 
merits from which Fig 1 was constructed There were some additional expen 
ments on dogs B and C which differ somewhat from the remainder m that minor 
variations in the water balance of the animals were induced Both ions were 
studied m the majority of cases but m some only chloride was observed Vana 
lions in the excretion of sodium in these experiments were accompanied by 
equivalent variations m the excretion of chlonde. For this reason and because 
the chlonde data are more extensive we have chosen them for presentation 
(Fig 2) 

An outstanding characteristic of these data is the great variability m the 
effect of the hormone on electrolyte excretion. There was a significant in 
crease in the excretion of sodium and chlonde at low rates of hormone adminis- 
tration (t t 20 milliuwts per hour or less) m three dogs while in the fourth 
(dog D) no systematic and reproducible effect, which could be attributed to the 
action of the hormone, was observed. The higher ranges of hormone admin 
lstration were not examined in the latter animal The increase in excretion 
observed m the other three animals represents an equivalent depression in renal 
tubular reabsorption since glomerular filtration rate is not affected m this range 
of hormone administration It should be noted that smal l percentile depres- 
sions m the reabsorptrve process will result in large percentile and large absolute 
increases in the excretion rate of sodium and chloride because of the relationship 
that normally exists between their filtration, reabsorption and excretion The 
variability in the excretion data may result in part from this circumstance^ 

The effect of the hormone on sodium and chlonde excretion is great in dogs A 
and C when considered in terms of the daily sodium and chlonde balance An 
increase of 0 01 mu per minute m the excretion of chlonde in these animals 
would result in an additional loss of 14 4 mu in a 24 hour penod or about 5 per 
cent of their total chlonde content. However this rate of hormone adminis 
tration did not affect sodium or chlonde excretion as greatly when the animals 
were moderately dehydrated and this was also the case for normal animals under 
similar conditions The latter finding is perhaps correlated with the lowered 
rate of glomerular filtration (and hence filtration of electrolyte) commonly ob- 
served under these conditions (8) 

The depression of electrolyte reabsorption frequently produces a higher elec 
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trolyte concentration in the urine dunng hormone antidiuresis in the diabetes 
insipidus animal than is usually observed dunng obguna at a comparable urine 
flow m normal dogs and may operate to limit the degree of antidiuresis which 
the hormone can produce in a normally hydrated animal with diabetes insipidus 
(8) The increase in the excretion of electrolyte which may result from an 
increase m hormone administration is frequently accompanied by an increase m 



Fig 2 The increase in chlonde excretion m dogs with diabetes insipidus at different 
rates of antidiuretic hormone administration The data were collected in experiments 
similar in design to that of Table I and of the first portion of Table II Each point 
is the mean of two or three consecutive penods, the lines connect observations obtained 
serially Since all experiments have an initial control period the line to the initial 
observation must of necessity start at the intersection of the coordinates The 
data from dog A are from the same experiments that were used in the construction of 
Fig 1, and m the case of dogs B and C additional experiments have been included 
In two experiments on dog B water had been withdrawn for a period of 4 hours 
(arrows) , in four experiments on dog C 40 ml per kilo of water had been adminis- 
tered 3 hours pnor to beginning (arrows) Neither of these procedures was expected 
to influence the data nor do they appear to have done so Electrolyte excretion 
was measured in six experiments performed on dog D, and there was no systematic 
effect on chlonde excretion (see text, page 391) 

the rate of unne formation The increase m the urine flow appears to be caus- 
ally related to the electrolyte effect since it occurs only when there is a signif- 
icant increase in the excretion of electrolyte at the higher rate of hormone ad- 
ministration 

The Effect of Water Administration — The effect of water administration on 
hormone antidiuresis was studied in a senes of experiments similar in design to 
that of Table II There was an invariable increase m unne flow dunng the 1st 
hour after the administration of water, which at times reached values above 
1 0 ml per minute (Fig 3) The experimental penods were too long to reveal 
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the true rate of increase m the urine flow after the water but, in general, it ap- 
pears to follow the same time course as water diuresis m the normal animal (12) 
When observed during the 2nd hour the urme flow was usually at a lower value 
but was above the control rate. There was no dose correlation between the 
extent of the change in unne flow and the rate of hormone administration. 

TABLE II 

An Experiment on a Dot viik Diabetes Insipidus T Vkick Examines into the Eject of the 
Administration of Water dtmnt a Continuous Infusion of tk» Antidistreiic Hormone 
Tbe terminal portion of the experiment demonstrates the rapid lessening In antldioresis 
when the hormone infusion is stopped 

Dog A, weight 11 6 kflos. Plasma creatinine varied from 9 78 to 13.86 mg per cent the 
initial serum total base nvm 159.3 mu, the chlorate 110 7 mu per liter 


Period 

Tout 

coBcnmnt 

dm* 

Urine flow 

Cmtinlne 

ckir&nce 

Urine Ns 

Urine a 

Urine —A 


»ln 

ml J min 

wljmin 

mnJlUtr 

not/liltr 

*C 

1 

0-15 

1 86 

26 3 

11 

13 

0 18 

2 

-34 

1 84 

25 6 

12 

14 

0 18 


1 45 Pituitrin infusion started 0 020 unit per hr 


3 

77-94 

0 27 

24 6 

178 

173 

1 34 

4 

-114 

0 30 

26 3 

162 

161 

1 42 


115 50 mL per kg of water by stomach tube 



5- 

114-130 

0 59 

— 

— 

— • 

— 

6* 

-150 

0 83 

— 

— 

— 1 

— 

7 

-165 

1 07 

35 0 

150 

119 

0 78 

8 

-181 

1 13 

38 0 

141 

113 

0 79 

9 

-202 

0 86 

37 6 

138 

106 

0 81 

10 

-222 

0 52 

35 0 

142 

111 

1 07 

11 

-241 

0 43 

33 7 

138 

99 

1 03 

12 

-262 

0 51 

35 0 

144 

110 

0 91 

13 

-284 

0 43 

38 8 

141 

100 

0 99 


Pituitrin infusion stopped 




14 

284-300 

0 42 

— 

— 

— 

— 

15* 

^316 

1 61 

— 

— 

— 

— 

16 

-334 

2 38 

— 

— 

3 

— 

17 

-345 

2 15 

— 

— 

2 

0 07 


* Significant dead space error doe to increase in urine flow during period*. 


The data indicate, as shown in Table U, that there was an increase in glo- 
merular filtration rate during the 1st hour which was sustained throughout the 
2nd except in one experiment on dog A (indicated by an arrow in Fig 3) Elec 
trolyte excretion also increased consistently after the water, presumably due to 
the increase m glomerular filtration However, the concentrations of sodium 
and chloride and the freeing point depressions of the urines were not regularly 
sufficient for either to be the immediate cause of the increase in water excretion, 
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it being unusual for urinary sodium to be m excess of 200 mil per hter and freez- 
ing pomt depressions to be m excess of 1 2°C 
The increase in the glomerular filtration rate which co mm only follows the ad- 
ministration of a large amount of water is undoubtedly an important factor in 
producing the increase in unne flow This effect may be expected to be an 
exaggeration of that which occurs in the normal animal since, owing to the 
hormone administration, a major portion of the absorbed water is retamed 
The mechanism by which such a factor may be expected to operate has been 
discussed at length in the accompanying paper (8) However, the absence of an 



Fig 3 The influence of the administration of water on the urine flow of dogs with 
diabetes insipidus during a constant intravenous infusion of the antidiuretic hormone 
These experiments are similar m design to that of Table II The rate of hormone 
administration m milhumts per hour is given by the number above each curve The 
points are placed at the midpenod of the unne collection penods 

increase in filtration rate m one experiment and the absence of a close correlation 
between the increase m filtration and increase m unne flow indicate that other 
factors are concerned in the phenomenon It does not seem likely that a 
change in the dynamics of renal interstitial fluid movement resulting from an 
expansion in plasma volume or a dilution of the plasma is important since these 
changes would be expected to be small (5, 13) Nor does the increase in unne 
flow appear to be conditioned to any extent by a decrease in the reactiveness of 
the distal tubule cells to the antidiuretic hormone since the response is still ap- 
parent at high rates of hormone administration (Fig 3) It is necessary to 
suppose that the phenomenon is due to a combination of factors which defy ex- 
position at the moment 

Whatever its mechanism, the demonstration of the phenomenon is important 
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It has been frequently stated that the dog with diabetes insipidus is particu 
lariy sensitive to the antidiuretic hormone as compared to the normal nnnr^l 
Our results suggest that the difference between the two may be due simply to 
the method of examination and that the apparent insensitivity of the normal 
animal to the hormone results from the water which must be administered be- 
fore making the antiduretic test 


TABLE in 

Am Experiment on a h ormal Do[ Demon xtraiing the Effect of the Anhdivretsc Dormant during 
Water Duirtsts 


Dog E, weight 14 1 kilewu Creatinine concentration In the plasma varied from 3.5 to &3 
mg percent 


Period 

Tlroe 

Urlrx flow 

Cra Unis* 
defence 

UtImO 

Urine —A 


kn "min 

mUmU 

mljmim 

mit/UUr 

*C 


0 50 ml water per kg fay stomach tube 


1 

1 07-1 17 

10 00 

86 4 

13 

0 26 

2 

-1 29 

9 61 

86 8 

13 

0 27 


1 43 Pltuitrin infusion 0 005 unit per 

hr excreted water replaced 

3 

2 20-2 30 

1 52 

86 3 

[ 129 

1 04 

4 

-2 40 

1 25 

80 0 

129 

1 86 


2 45 Pltuitrin infuuon 0 020 unit per ! 

hr 


5 

3 15-3 30 1 

0 53 

78 3 

185 

3 27 

6 

-3 45 1 

0 58 

76 0 

185 

3 17 


3 47 Pltuitrin infuuon off 



7 

3 45-4 03 

0 71 

— 

179 

2 82 

8 

-4 16 

1 84 

— 

86 

1 17 

9 

-4 31 

4 86 

77 3 

11 

0 36 

10 

-4 47 

7 07 

78 4 

6 

0 23 

11 

-5 02 

6 45 

76 3 

7 

0 22 

12 

-5 34 

3 97 

— 

16 

0 37 

13 

-5 51 

0 96 

— 

70 

1 28 

14 

-6 03 

0 65 

73 6 

108 

1 77 

15 

-6 26 

0 40 

61 2 

116 

2 24 

16 

-6 58 

0 37 

62 8 

110 

2 51 

17 

-7 27 

0 37 

62 0 

105 

2 53 


Supporting evidence for this view was obtained in experiments performed on 
normal dogs. Water was administered (40 or 50 mL per kilo) and a senes of 
pituitrm infusions given at the height of water diuresis Diuresis was then 
permi tted to res »me and continuous observa ti ons were made until the unne flow 
returned to the oliguric level The water turnover in such experiments is large 
and it is difficul t to reproduce conditions dosely However, the experiment 
of Table III may be taken as fairly typical except that the freeing point de- 
pressions at all unne flows m this experiment are somewhat higher than usually 
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obtain Antidiuresis with 1 0 to 5 0 milhunits of hormone per hour was usually 
moderate and the urines had higher electrolyte concentrations and greater freez- 
ing point depressions than the urrnes at comparable flows m the absence of ex- 
ogenous hormone At a higher rate, 20 milhunits of hormone per hour, ab- 
normally large freezing point depressions were commonly observed and truly 
oliguric levels of urine flow never obtained Subsequent to the return of 
diuresis, the unne flow reapproached the ohgunc level only when the glomerular 
filtration rate had become depressed These experiments demonstrate directly 
that the antidiuretic hormone has a prounounced physiological effect in the 
normal animal at low rates of administration (t e , 1 0 to 5 0 milhunits per hour), 



Fig 4 The falling off of antidiuretic activity in a dog with diabetes insipidus, 
following the cessation of a constant intravenous infusion of the antidiuretic hormone 
The rate of hormone administration, in milhunits per hour, is given by the number 
above each curve The time of attaining the maximal unne flow after the cessation 
of the hormone infusion has been taken as the time which must elapse for the complete 
dissipation of the antidiuretic hormone in the body The unne flows have been 
expressed as the percentages of the maximal flow in each experiment and are plotted 
at the midpoint of the collection penods 

and offer an explanation for the apparent insensitivity of the normal animal to 
this hormone 

The effect of a low rate of hormone administration (5 milhunits per hour) was 
examined dunng spontaneous antidiuresis m the normal dog There was an in- 
variable reduction in the rate of unne flow unless the animals had been pre- 
viously dehydrated It can be concluded that normal antidiuresis in the dog 
does not result from a rate of hormone liberation which is in excess of the 
amount which produces graded antidiuresis 

Falling Of in Antidiuretic Activity — The return to a high urine flow is quite 
rapid m the dogs with diabetes insipidus when a constant intravenous infusion 
of the antidiuretic hormone is stopped The lessening m activity has been 
examined m experiments specifically designed for such a study, and in others by 
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niaking use of the terminal portions of an experiment as in Table IT Water 
had been administered in some experiments but not in the majority In all, the 
hormone was administered for a period of at least 1 hour A senes of typical 
recovery curves is given in Fig 4 The data of other experiments on dog B and 
on the other animals are m keeping with the salient features of this figure. 
Return of the polyuria, or the lessening m antidmretic activity, is quite rapid in 
the lower range of hormone administration (t t , 1 0 to 5 0 milUunits per hour) 
being complete m less than 30 minutes The time required for complete re- 
covery increases progressively as the rate of hormone administration is in 
creased 

The peak of water diuresis in a normal dog is reached about SO minutes after 
the administration of water (13) The interval must include the time required 
for the passage of water into the intestine for some of its absorption or for the 
entrance of electrolyte in the gastrointestinal tract, for the depression in pos- 
terior pituitary activity, and for the falling off m the activity of the peripherally 
placed antidmretic principle. The time of this last at rates of hormone ad 
ministration of 5 mDli units of hormone per hour is sufficiently short to be con 
lamed within the 50 minute penod 

DISCUSSION 

The normal rate of liberation of the antiduretic hormone in a 10 to 15 kilo 
dog appears to be m the order of magnitude of 1 0 to 5 0 milhunits per hour It 
is only m this range that graded antidiuresis is consistently obtained when the 
hormone is infused intravenously into a normally hydrated dog with diabetes 
insipidus, and minimal unne flows were usually obtained at its upper limit. 
The applicability of these data to the normal animal seems justified by the 
following considerations The administration of water to an animal with dia 
betes insipidus reduces the anti diuresis at all levels of hormone a dmin istration 
so that the animal reacts to the hormone in much the same manner as do normal 
animals during water diuresis Experiments on the normal dog directly demon 
strate that the above range of hormone administration is physiologically effec 
tive and that anti diuresis is normally accompanied by the endogenous liberation 
of hormone at a rate below that which will produce maxima l hormone anti 
diuresis 

The lack of peripheral storage of the antidmretic hormone and its prompt 
destruction are of physiological importance. Otherwise, the onset of water 
diuresis would be delayed and the administration of water would represent a 
serious physiological hazard Actually , the rate of destruction is too rapid at 
physiological rates of administration (le 50 milbumts or less) for the lessening 
of antidiuretic activity to dominate the normal curve of water diuresis. The 
presence of other determining factors is emphasized bj the experiments in which 
water administered during a constant intravenous infusion of the hormone pro- 



398 


CONTROL OF RENAL EXCRETION OF WATER II 


duced a prompt increase in the unne flow of dogs with diabetes insipidus It is 
safe to conclude that the curve of water diuresis in the normal animal, and per- 
haps the magnitude of the resulting polyuria, are due to the combination of the 
latter factors (Fig 3) as well as to the peripheral lessenmg in antidiuretic ac- 
tivity (Fig 4) 

The demonstration of a significant depression in the reabsorption of sodium 
and chloride at physiological rates of hormone administration is also important 
even though this effect is not invariable Excessive, unphysiological amounts 
of the honmone were used in previous demonstrations (1-3) and hence the re- 
sults of these are of questionable significance Smce the antidiuretic hormone 
may depress, and the suprarenal cortical hormone may enhance, the renal 
tubular reabsorption of sodium, both hormones are involved in the control of 
sodium balance However, the action of the two does not appear to be inte- 
grated in the ordinary sense of the word Relief of physiological ohguna by 
moderate amounts of water is usually accompanied by an increase in glomerular 
filtration rate (11) which involves an equivalent increase in the filtration of 
sodium A deficiency of the antidiuretic hormone during such diuresis may be 
expected to enhance the reabsorptive capacity of the proximal tubule for sodium 
and thus permit water to be discarded and sodium to be retained (cf electrolyte 
excretion Table II) In this view, the hormone is important in the regulation 
of water balance per se and only incidentally of sodium It is difficult to see 
how the acute changes which are involved m such responses can be closely inte- 
grated with the more stable influence of the suprarenal cortical hormone in the 
control of sodium reabsorption and excretion 

These experiments again emphasize the balance that normally obtains be- 
tween glomerular and proximal tubular function and the consequences of a 
variation in one or another in the ultimate determination of the quality and 
quantity of unne formed (4, 5, 8) A direct demonstration of the relationships 
has not been achieved nor does it seem possible until more is known about the 
renal tubular reabsorption of sodium However, the experimental data pre- 
sented here and in the accompanying paper (8) lend strong support to the 
concept Similarly, the loci of action of the antidiuretic hormone cannot be 
simply defined However, to place its sodium effect in the proximal segment 
and its direct water reabsorptive action, i e the active process, in the distal, is in 
keeping with other evidence (6) and with our own experimental data 

SUMMARY 

1 The administration of the posterior pituitary antidiuretic hormone by 
constant intravenous infusion has been used to examine the two characteristic 
actions of the hormone, namely, the facilitation of the active renal tubular re- 
absoiption of water distally m the nephron and the inhibition of the renal tubu- 
lar reabsorption of sodium proximally 
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2 Experimental evidence was ob tamed which indicates that variations m the 
excretion of water and electrolyte involve the integration of these two actions 
with obscure variables which are discernible in the experimental data but are 
not subject to definition at this time. 

3 Graded anti diuresis in the animal with diabetes insipidus, when normally 
hydrated, was only obtained in the range of 0 001 to 0 005 unit (pressor) per 
hour This range of hormone administration was also found to be physiologi 
cally active m the normal animals These observations together with others 
permit the placing of the normal rate of bberationof the antidiuretic hormone 
in alO to 15 kilo dog in the range of 0 001 to 0 005 unit per hour 
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QUANTITATIVE ALTERATIONS IN THE HYPEREMIA RESPONSES 
T O LO CAL ISCHEMIA OF THE SMALLEST BLOOD VESSELS OP 
THE HUMAN SKIN FOLLOWING SYSTEMIC ANOXEMIA, 
HYPERCAPNIA, ACIDOSIS, AND ALKALOSIS* 

Bj JOSEPH R. DlP ALMA MB 

{From He Departtnenl of Physiology and Pharmacology, Long 1 stand College of 
Medians, Brooklyn ) 

(Received for publication July 2, 1942) 

Little is known of the nature of the relationship of the concentration of blood 
gases, and of changes in pH of the blood to the responsiveness or state of tonus 
of the finest blood vessels (» t , the vessels beyond the art en ales) Inveshga 
tions of a qualitative nature have led to the general belief that acids and carbon 
dioxide cause dilatation of the capillaries while alkalies and oxygen cause 
constriction (1-3) However, such experiments were largely confined to the 
local application of these substances m unphysiological concentrations They 
suffered, moreover, from the added disadvantage that they were performed, for 
the greater part, upon lower animals, such as the frog The development of a 
simple method for measuring quantitatively the hyperemia responses of the 
smallest blood vessels of the intact skin to local ischemia has provided the 
means for studying the reactivity of these vessels following systemic alterations 
of blood gases and changes in blood pH in human beingB (4) 

Methods and Procedures 

Quantification of Reactive Hyperemia — The apparatus and methods of using this 
test have been fully described Individual physiological variables seasonal and 
segmental differences have likewise been described recently (4 5) Therefore, a brief 
account for purposes of orientation will now suffice 

Upon the skin of the ventral surface of the forearm, three rubber rings with surface 
areas of 5 sq cm. each and with a weight loading of 100 gm per sq am, are simulta 
neously applied This is achieved with the aid of a suitable arm rest to vhich the 
weights are attached by a lever system. With this they can be lowered gently and 
accurately upon the wtnn It will be seen that this procedure causes an ischemia of 
the dermal blood vessels immediately beneath and only beneath, the rubber nags. 
After a period of time measured in seconds the weighted rings are removed and the 
resulting areas of reactive hyperemia arc carefully observed If the period of appli 
cation has been just sufficient to produce a ring of hyperemia localized exactly to the 
area of application of the rings and if these, in turn, ha\e discrete edges and are of 
even intensity and color the threshold expressed in seconds is obtained. The length 

* This investigation has been aided by grants from the Josiah Macy Jr , Founds 
tion and the Committee on Endocrinology National Research Council 
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of time in seconds the threshold response requires to fade to the color of the surround- 
ing skin is known as the clearing time When the period of ischemia is less than 
threshold, an area of hyperemia results whose edges are diffuse and which is mottled, 
when the period of ischemia is greater than threshold, the hyperemic response is verv 
intense, extending beyond the exact area of application, and a flare is present With 
quickly acquired experience, the observer soon learns to read the threshold responses 
with a ±3 per cent error The use of three separate weights allows comparison of 
three results simultaneously, thus contributing to the accuracy of the reading 

A seasonal variation has been found to exist m this response (4) Thus, while the 
threshold is 10 to 15 seconds in midsummer, it may rise to 70 or 80 seconds in mid- 
winter with corresponding greater nses m the clearing times Since in this investiga- 
tion the data were collected within a period of 2 weeks (late fall), the seasonal variable 
does not enter as a significant component 

All observations were made m a room with a temperature of about 75°F Reading 
of the hyperemia responses was facilitated greatly by use of a blue mazda light bulb 
The subjects were seated comfortably and were completely rested before each de- 
termination 

The advantages of using a method such as this for quantitating the responses of 
the small dermal blood vessels are several It is easy and quick to perform, thus mak- 
ing these experiments possible The threshold is an indication of the responsiveness 
(or state of tonus) of the smallest dermal blood vessels for it measures the amount of 
hypothetical “H” substance and collection of metabolites consequent to ischemia 
necessary to cause a certain amount of reactive hyperemia (6) In addition, the clear- 
ing time affords a direct indication of the rate of blood flow in these small dermal 
vessels (4, 5) 

Experiments on Anoxemia and Hypercapnia — The subject breathed room air from 
a closed 72 liter tank Carbon dioxide was absorbed from the expired air by a soda- 
lime cartridge A tambour on one end of the tank permitted mensuration of respira- 
tory rate and excursion The volume of oxygen removed was measured by adding 
water to the tank at intervals exactly replacing the amount the subject utihzed 
From this the volume per cent of oxvgen in the inspired air could be calculated 
Blood pressure and pulse rates were taken at 5 mmute intervals along with each 
determination of the hyperemia response 

The experiments on hypercapnia were made m exactly the same way as the anox- 
emia experiments except that the carbon dioxide of the expired air was not removed 
Estimations of the carbon dioxide tension of the air in the tank were made at 5 mmute 
intervals bv the method of Marriott 

Experiments on Acidosis and Alkalosis — All subjects went without breakfast or 
any meal throughout the experiment They were allow ed to drink as much water as 
desired The bladder was emptied early in the morning 1 § hours later the bladder 
was emptied agam This was the control unne During this interval the control 
observations on reactive hyperemia were also made Now, the subject took either 5 
to 10 gm of ammonium chloride or 10 to 15 gm of sodium bicarbonate to produce 
either acidosis or alkalosis Observations on reactive hyperemia were made at 
hour intervals for 5 hours The subject also emptied his bladder at each Yi hour 
interval 



JOSEPH R DlPAIOIA 


403 


To test tie disturbance in a ad base equilibrium m each subject it was found most 
practical to analyze tie unne specimens for total aadity and unnar> ammonia and 
amino adds. This was done by tic usual method of titration with 0 1 N sodium 
hydroxide to an end point using phenolphthalem as indicator then addition of n C u 
trained formalin and titration to the second end point. The results were computed 
for the total volume collected in each interval. 

RESULTS 

Anoxemia — Nine experiments were performed on subjects (seven males and 
two females), all in the third decade of life except one who was m the fourth 
decade The data obtained were averaged and compiled into one composite 
chart (Fig 1) Since all the results m these experiments were in the same di 
rection, Buch a chart of the mean results of rune individual experiments may be 
taken as a reliable indication of the average expectancy of such experiments 

Both the threshold and clearing time began to rise immediately and before 
any changes m heart rate, blood pressure, or respiratory rate and depth were 
noted This rise continued steadily with the falling oxygen percentage of 
inspired air At the termination of the experiments, when an average con- 
centration of oxygen of 9 volumes per cent m the tank air was reached, cor 
responding to an altitude (with respect to per cent of oxygen, but not pressure) 
of approximately 22,000 feet, there had been a more than 30 per cent rise m the 
threshold and nearly a 50 per cent nse m the clearing tune of the hyperemia 
responses 

Thus it is evident that systemic anoxemia causes a marked decrease m the 
sensitivity of the small dermal blood vessels to local ischemia Since the 
clearing time has been shown to he directly related to the blood Sow in these 
small vessels (4, 5), the increased clearing time obtained in this instance 
indicates a considerable decrease in the rate of blood flow in these fine vessels 

Hypercapnia- . — Again the data from nine separate subjects m the third decade 
of life (eight males and one female) were compiled into a composite chart 
(Fig 1) There is a slight nse m threshold and a greater nse in clearing time 
at the end of the first 5 minutes. Thereafter there is no further rise in thresh 
old and an actual decrease in the clearing time which continues until the expen 
ment is terminated At this time the concentration of carbon dioxide in the 
inspired air has risen to 45 volumes per cent. 

It is notable that despite the remarkable nse m pulse rate, blood pressure, and 
respiratory rate and depth, the responses of the smallest blood vessels remained 
practically unchanged throughout the experiment after the initial changes 
This, along with the fact that changes in the responses of the small blood vessels 
occurred in the anoxemia experiment before any changes in pulse, blood pres, 
sure, and respiratory rate had taken place, demonstrates the independence of 
action of the small dermal blood vessels as contrasted with the functions of 
the arterioles 
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It can be concluded, therefore, that retention of carbon dioxide in the blood 
completely neutralizes the effects of anoxemia upon small blood vessel re 
sponsiveness. Indeed, it renders them more sensitive m other ways, for this 
was proven m a previous experiment upon the effects of hypercapnia on the 
responsiveness of these small vessels to graded mechanical stimulation (7) 

Acidosis and Alkalosis — In order to further elucidate the mechanisms by 
which variations of the concentration of blood gases cause changes in small 
dermal blood vessel responsiveness, experiments were performed on systemic 
acidosis and alkalosis as described above Again it was decided to make a 
composite chart to Simplify visualization of the data Ei gh t individual sub- 
jects all m the third decade of life, were used m each experiment. Fig 2 
shows the thresholds and clearing times of the hyperemia test plotted at 30 
minute intervals for the penod of the experiment. The combined units (equiv 
alents, m cubic centimeters, of 0 1 n acid) of urinary total acidity plus urinary 
ammonia also plotted indicate the direction and magnitude of the disturbance 
in acid base balance 

In the experiment on alkalosis (ingestion of 10 to 15 gm. of NaHCOj), 
it is seen that there is an immediate fall m the threshold and an even greater 
fall in the clearing time at the end of 30 minutes The fall in the threshold 
continues to the lowest point at the end of 120 minutes then it rises slightly, 
reaching a constant level at 210 minutes and continues at that level until the 
end of the experiment The thresholds and clearing times follow rather well 
the changes m the total excretion of urinary total acidity and ammonia The 
slight discrepancies may be explained by the lag which exists when the urine is 
analyzed at 30 minute periods. When the experiment was terminated the 
excretion of acid bodies in the unne was below the control level as was the 
threshold and clearing time Thus it may be concluded that systemic alkalosis 
produced by ingestion of sodium bicarbonate causes an increased sensitivity 
of the smallest cutaneous blood vessels to local ischemia and an increase in the 
rate of blood flow through the skm as indicated by the shorter clearing times. 

A similar experiment was performed again except that 5 to 10 gm. of ammo- 
nium chloride were administered to the subjects, thus producing systemic acidosis 
Fig 2 shows that, again, the thresholds and clearing times of the hyperemia 
responses parallel the total excretion of add bodies m the urine Again the 
changes in the responses reached a maximum at 120 minutes after ingestion of 
the salt At this time, the excretion of urinary total addlty and ammonia 
has also reached a maximum At 210 minutes the hyperemia responses had 
again reached control levels although the excretion of acid bodies m the urine 
continued to be higher than the control. 

Thus, it may be concluded that systemic acidosis, produced by the ingestion 
of 5 to 10 gm of ammonium chloride, causes a decrease in the sensitivity of the 
small est cutaneous blood vessels to respond by reactive hyperemia to local 
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ALKALOSIS 



ACIDOSIS 



Fig 2 The effects of alkalosis (ingestion of NaHCOa) and acidosis (ingestion of 
NH 4 CI) upon the threshold (crosses) and clearing time (circles) expressed in seconds 
of reactive hyperemia in the skm Units of urinary excretion of total acidity plus 
urinary ammonia expressed as cubic centimeters of 0 1 n NaOH are also plotted (tri- 
angles) Note that maximum effects are obtained in both experiments at the 120 
minute interval (See text for discussion ) 

ischemia, with corresponding decreases in blood flow as demonstrated by the 
higher clearing times 

The results of these two experiments are summarized m Table I to show the 
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carton dionde content of the blood also occurred (11) The definite changes 
in the eicretion of urinary total acidity which we obtained m our eipenments 
can, therefore, be taken to mean actual changes in acid base balance of the 
blood 

The only apparent explanation which will permit correlation of the anoxemia 
and hypercapnia with the acidosis and alkalosis experiments 15 that the 
concentration of carbon dioxide, held presumably as HjCO, and NaHCO*, 
is the most important single factor in the responsiveness of the small cuta- 
neous blood vessels as we have tested it Thus it is seen that m the anoxe- 
mia experiment m which the carbon dioxide was eliminated and removed 
by soda lime, the sensitivity of the small dermal blood vessels decreased. 
In the hypercapnia experiment carbon dioxide was retained and, even though 
a considerable degree of anoxemia was also present, the small dermal blood 
vessel sensitivity re m a ine d unchanged. With alkalosis resulting from bi 
carbonate ingestion, carbon dioxide was retained to neutralize the increase 
m fixed bases in the blood, and the small dermal blood vessel sensitivity ac 
cordmgly increased Acidosis was accompanied by an elimination of carbon 
dioxide with a consequent decrease m small cutaneous blood vessel sensitivity 
Similar results were obtained with respect to the contractile irritability of the 
cutaneous blood vessel reactions in response to graded mechanical stimulation 
m anoxemia and hypercapnia (7) The irritability and blood flow of the small 
est vessels of the skin are directly related, therefore, to the concentration of 
carbon dionde in the blood. The evidence Gesell (12) has recently advanced 
which demonstrates that increases in tissue acidity produced by increases in 
blood carbon dioxide cause the actions of acetylcholine to be prolonged, lends 
added credence to this hypothesis. 

The mechanism by which the concentration of carbon dioxide controls the 
above mentioned phenomenon cannot be explained at th is time but this does 
not detract from the practical application and implications of the results 
For example, McConnell and Weaver (13) observed that ingestion of ammonium 
chloride in dogs diminished the size of histamine wheals while ingestion of 
sodium bicarbonate increased their size. They attempted to explain the 
results by a disturbance in calcium metabolism In the light of the present 
experiments, it is possible that the changes m the histamine wheals which they 
observed resulted from the alterations in the small dermal blood vessel re 
activity and blood flow consequent to the changes in blood pH. 

Rous and Drury (14) have produced evidence that a condition of local 
acidosis exists m the skin of an extremity whose blood supply has been greatly 
reduced. In advanced arteriosclerosis obliterans of the extremities marked 
decrease m blood flow may occur It was recently demonstrated, however 
that in tins disease the functional capacity of the finest skin vessels to respond 
by reactive hyperemia is not impaired. Evidentlj collection of other metabo- 
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blood carbon dioxide cause the actions of acetylcholine to be prolonged, lends 
added credence to this hypothesis. 

The mechanigm by which the concentration of carbon di o xide controls the 
above mentioned phenomenon cannot be explained at this time but this does 
not detract from the practical application and implications of the results. 
For example, McConnell and Weaver (13) observed that ingestion of ammonium 
chloride in dogs diminished the size of histamine wheals, while ingestion of 
sodium bicarbonate increased their size. They attempted to explain the 
results by a disturbance in calcium metabolism. In the light of the present 
experiments, it is possible that the changes m the histamine wheals which they 
observed resulted from the alterations m the small derm a l blood vessel re 
activity and blood flow consequent to the changes in blood pEL 

Rous and Drury (14) have produced evidence that a condition of local 
acidosis exists m the skin of an extremity whose blood supply has been greatly 
reduced. In advanced arteriosclerosis obliterans of the extremities marked 
decrease in blood flow may occur It was recently demonstrated, however 
that m this disease the functional capacity of the finest skin vessels to respond 
by reactive hyperemia is not impaired- Evidently collection of other metabo- 
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carbon dionde content of the blood also occurred (11) The definite changes 
in the excretion of urinary total acidity which we obtained in our experiments 
can, therefore, be taken to mean actual changes in acid-base balance of the 
blood 

The only apparent explanation which will permit correlation of the anoxemia 
and hypercapnia with the acidosis and alkalosis experiments is that the 
concentration of carbon dioxide, held presumably as HjCOj and NaHCOj, 
is the most important single factor in the responsiveness of the small cuta 
neous blood vessels as we have tested iL Thus, it is seen that in the anoxe 
mia experiment m which the carbon dioxide was eliminated and removed 
by soda lime, the sensitivity of the small dermal blood vessels decreased 
In the hypercapnia experiment carbon dioxide was retained and, even though 
a considerable degree of anoxemia was also present, the small dermal blood 
vessel sensitivity remained unchanged With alkalosis resulting from bi 
carbonate ingestion, carbon dioxide was retained to neutralize the increase 
m fixed bases in the blood, and the small dermal blood vessel sensitivity ac 
cordingly increased. Acidosis was accompanied by an elimination of carbon 
dioxide with a consequent decrease m small cutaneous blood vessel sensitivity 
Similar results were obtained with respect to the contractile irritability of the 
cutaneous blood vessel reactions in response to graded mechanical stimulation 
m anoxemia and hypercapnia (7) The irritability and blood flow of the small 
est vessels of the skin are directly related, therefore, to the concentration of 
carbon dioxide in the blood The evidence Gesell (12) has recently advanced 
which demonstrates that increases in tissue acidity produced by increases m 
blood carbon dioxide cause the actions of acetylcholine to be prolonged, lends 
added credence to this hypothesis. 

The mechanism by which the concentration of carbon dioxide controls the 
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For example, McConnell and Weaver (13) observed that ingestion of ammonium 
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sodium bicarbonate increased their size They attempted to explain the 
results by a disturbance in calcium metabolism In the light of the present 
experiments, it is possible that the changes m the histamine wheals which they 
observed resulted from the alterations m the small dermal blood vessel re- 
activity and blood flow consequent to the changes in blood pH. 

Rous and Drury* (14) have produced evidence that a condition of local 
acidosis exists in the skin of an extremity whose blood supply has been greatl} 
reduced In advanced arteriosclerosis obliterans of the extremities marked 
decrease in blood flow may occur It was recently demonstrated, however 
tha t m this disease the functional capacity of the finest skin vessels to respond 
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Hepatic rnjuiy and the occurrence of malignant hepatoma after ingestion 
of butter yellow were first seen in rats (1) fed a diet of which 95 per cent was 
nee and 5 per cent alive oil To this mixture the butter yellow was added in 
the proportion of 0 06 grn. per IOO gm This ration was supplemented daily 
with a small amount of carrots. In contrast, practically no malignant changes 
have been seen (2), at least up to 150 days of tbe experimental period, in the 
livers of rats fed a diet (called diet C) that contained butter yellow in the same 
proportion as the original nee diet (0 06 per cent) but that had a different 
composition, i e , casein 6 per cent, lard 23, cane sugar 15, cornstarch 50, salt 
mixture 4, and cod liver oil 2 and was supplemented daily with thiamine, 
riboflavin, pyndoxine, and pantothenic and. The lesions in the livers of 
rata fed thi3 diet were limited to necrosis, cirrhosis, and proliferation of the 
bile ducts, mostly typical in character, indeed only rarely atypical Even 
these pathological changes were prevented to a large extent by the admimstra 
lion of a combination of cystme and choline (2) 

Exp lana tion of the difference in the effect of the nce-oil mixture and diet C 
on the production of malignant hepatoma in rats has been sought by feeding 
rata a modification of diet C Cnsco or melted butter fat was substituted for 
lard m one group of experiments and nee (brown unpolished or white) for 
cornstarch and sugar in another group of experiments The effects of these 
substitutions proved in both sets af experiments to be proraranogemc, espe- 
cially in those in which brown nee was used. Furthermore, the malignant 
changes that followed mgestion of the rations containing batter fat or brown 
nee were not prevented, or were prevented only to a limited degree, by the 
administration of a combination of cystine and choline. 1 

The problem that arose, therefore, was to learn what principle was operating 

* S MA Corporation Fellow 

1 Detailed report of the pathological findings will be given later m cooperation with 
Dr Harry Goldblatt of the Institute of Pathology Western Reserve University 
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htcs, including carbon dioxide and possibly the hypothetical “H” substance, 
pre\ cnts the effects of local acidosis from plat ing a dominant r61e m such a 
condition 

1 1 is ako interesting to speculate on the effects of prolonged periods of systemic 
acidosis such as occur in uncontrolled diabetes melhtus, upon the smaller skin 
circulation In the light of the present findings of diminished reactivity of the 
small dermal blood \csscls m systemic acidosis, one wonders if the acidosis of 
diabetes contributes, in this waj , to the susceptibility of these patients to skin 
infections and degeneratne dermal changes 

SUMMART ANT) CONCLUSIONS 

The responsn eness of the smallest blood \essels of the human skin was 
measured in sxstemic anoxemia, hypercapnia, acidosis, and alkalosis A 
method was used which measured quantitatn ely the reactive hyperemia pro- 
duced bj a standardized period of local ischemia of these fine xessels By 
timing the clearing period of the threshold hyperemia response a direct indica- 
tion of blood flow in these fine x essels w as obtained The following conclusions 
w ere readied concerning the responses of the smallest blood vessels of the skin 

1 S\ slcmic anoxemia causes a decrease in sensitivity to local ischemia and a 
slow ing of the blood flow 

2 Hvpercapnia pre\ ents the changes resulting from anoxemia 

3 These changes in the smallest blood x essels of the skin occur independently 
of changes in pulse rate, blood pressure, and respiratory rate and depth 

4 \\ ith systemic acidosis there is a decrease m sensitivity to local ischemia 
and a slowing of blood flow The exact opposite takes place in systemic 
alkalosis 

5 The \ lew is ad\ anced, after due consideration of the facts, that the carbon 
dioxide concentration of the blood, or something directly associated with it, is 
the most important factor determining the sensitivity of these vessels, rather 
than oxx gen saturation or changes in blood pH 
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Hepatic injur} and the occurrence of malignant hepatoma after ingestion 
of butter yellow were first seen m rats (1) fed a diet of which 95 per cent was 
nee and 5 per cent olive ofl. To this mixture the butter yellow was added in 
the proportion of 0 06 gm per 100 gm This ration was supplemented daily 
with a small amount of carrots In contrast, practically no malignant changes 
have been seen (2), at least up to 150 days of the experimental period, in the 
livers of rats fed a diet (called diet C) that contained butter yellow m the same 
proportion as the ongrnal nee diet (0 06 per cent) but that had a different 
composition, casein 6 per cent, lard 23, cane sugar 15, cornstarch 50, salt 
mixture 4, and cod liver oil 2 and was supplemented daily with thiamine, 
riboflavin, pyndoxine, and pantothenic aad The lesions m the livers of 
rats fed this diet were limited to necrosis, cirrhosis, and proliferation of the 
bile ducts, mostly typical in character, mdeed only rarely atypical Even 
these pathological changes were prevented to a large extent by the admimstra 
tion of a combination of cystine and choline (2) 

Explanation of the difference m the effect of the nce-oil mixture and diet C 
on the production of malignant hepatoma m rats has been sought by feeding 
rats a modification of diet C Cnsco or melted butter fat was substituted for 
lard m one group of experiments and nee (brown unpolished or white) for 
cornstarch and sugar in another group of experiments The effects of these 
substitutions proved in both sets of experiments to be procardnogemc, espe 
daily m those m which brown nee was used. Furthermore, the mal ignan t 
changes that followed ingestion of the rations containing butter fat or brown 
nee were not prevented, or were prevented only to a limited degree, by the 
administration of a combination of cystine and choline 1 

The problem that arose, therefore, was to I earn what principle was operating 

* S3LA Corporation Fellow 

1 Detailed report of the pathological findings will be given later in cooperation with 
Dr Harry Goidbl&tt of the Institute of Pathology Western Reserve University 
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in the change of the non-carcinogemc diet C mto a carcinogenic ration following 
the incorporation in it of cnsco or butter fat in place of lard in one set of experi- 
ments and of nee (v hite and especially brown) instead of cornstarch and sugar 
in another The ansv, er has been provided by results of still other experiments 
m which the source of fat was, first, a crude preparation of linoleic acid 5 and, 
later, pure specimens of fatty acids and their esters, prepared m the laboratory 
of one of us 


EXPERIMENTAL 

The experimental results, representative examples of which are given m 
Tables I and II, can be summarized as follows — 

1 Diet C with crude linoleic acid replacing lard (referred to as diet “By” 
m Tables I and II) proved to be toxic for rats weighing over 130 gm at the 
beginning of the experiment Sixty-seven rats were fed this diet m amounts 
ad libitum, and the results were consistent The animals lost weight rapidly m 
spite of satisfactory intake of food They exhibited marked, progressive 
anemia, secondary in type, which was accompanied, as a rule, by leucopema 
(Table I) They became infested with pediculi, often before the development 
of anemia when the animals were still very active and not nearly moribund 
The toxic effect on rats of the ration containing linoleic acid v\ as even more 
pronounced when butter yellow was omitted from diet “By” (referred to as diet 
“Li” in Table I) In this group comprising 23 rats all the animals died before 
the 80th experimental day, with an average survival time of 55 days Four 
rats showed leucopema but no anemia before death 
The toxic effect of the rations containing linoleic acid with (“By”) or without 
(“Li”) butter yellow could, as a rule, be neutralized preventively and thera- 
peutically by the daily addition of 0 5 to 1 gm of yeast Twenty-one rats 
were fed diet “By” and 11 rats were fed diet "Li ” The observation period 
for these groups was extended to 150 days In 3 of the 11 rats fed ration “Li” 
(without butter yellow) the anemia was not prevented by addition of 1 gm of 
yeast dailj , and the animals died before the end of the experimental period 
In tests involving 49 rats, a diet containing brown nee, linoleic acid, and 
butter yellow was found to be non-toxic On the other hand, linoleic acid 
was almost completely oxidized and destroyed by keeping diet “By,” before 
use, for 3 to 4 weeks at laboratory temperature, and the diet then exerted 
marked toxic effect on all 23 rats in this group Diarrhea was a prominent 
feature, in addition to loss m weight, anemia, leucopema, and pediculosis 
Postmortem examination revealed that rats fed the modification of diet C 
with linoleic acid instead of lard and with or without butter yellow were generally 
free from pathological changes in the liver, even from severe fat infiltration 
An ima ls receiving diet C with linoleic and and butter yellow never showed 
malignant hepatoma The life span of these rats could be prolonged by daily 

- “Linoleic aad refined light” from the Glv co Products Co , In c, BrooLlyn, ?v T Y 
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TABLE I 

If or ph ploy cal Blood Chan [a tn Rats Fed Rations Conlctnmt Crude Undue A ad 


Blood exxmlnstloq 


R*t No and 
dite when 

experiment xni 

started 

Diet 

Date 

lib 

Red 

Wood 

all* 

Xio* 

White blood 
all* 

(court - ted) 

Xio* 

1 

4 

« 

! 

i 

3 

! 

£ 

l 

1 

8 

1 

1 

'} 




far 




/o’ 

**r 










cad 

cm! 

cent 

ctnl 

cm 

etui 

7596— 12/2 

Br” + cyi 

2/18 

12 

5 7 

9 4 

0 3 

1 

20 

76 

4 



tine + 

3/13 

46 

2 25 

7 8 

22 5 

6 

22 

78 




choline 

4/3 

36 

2 6 

4 5 

5 6 

20 

12 

88 





4/28 

15 

1 05 

5 4 

17 0 

32 

14 

84 

2 


8063 — 3/3 

•By 1 

3/25 

93 

6 l 

26 9 

3 2 


16 

80 

4 




4/17 

70 

6 35 

27 0 

0 9 

6 

12 

88 





5/8 

59 

4 45 

9 3 

0 4 

20 

24 

76 





5/19 

16 

1 1 

6 8 

-t 

40 

20 

SO 



8132— 3/19 

n i ” + 

4/7 

83 

7 2 

19 2 

9 6 

2 

20 

SO 




yeast 

4/30 

88 

7 35 

12 5 

2 6 

2 

36 

6} 





5/21 

84 

5 5 

18 5 

4 4 

4 

28 

68 


4 

6995—11/17 

■By 1 +CJ-S- 

1/29 

29 

3 0 

2 3 

-t 

2 

34 

58 

8 



tine and 

2/16 

63 

6 4 

3 4 

2 1 

52 

48 

52 




beginning 

3/31 

78 

5 7 

14 8 

7 6 


28 

72 




1/19 + 

5/il 

79 

6 65 

13 2 

7 2 


34 

66 




yeast 











8007— 2/21 

"Lj 

2/23 

94 

8 1 

15 2 

0 3 


8 

88 

4 




3/17 

90 

6 6 

18 2 

0 9 


10 

88 


2 



4/21 

45 

4 55 

4 5 

1 2 

2 

20 

76 

4 




4/28 

13 

1 1 

0 24 

16 0 

85 

85 

15 



SOU— 2/21 

13" + 

3/20 

92 

8 0 

12 8 

9 6 


24 

76 




yeast 

4/13 

107 

8 25 

7 8 

2 4 


20 

80 





5/5 

103 

8 4 

19 0 

0 2 


14 

86 




* Diet ‘By’ casein 6 per cent, cornstarch 50 sucrose 22 cod liver oil 2 salt mixture 4 
Iinolelc aad 16 and butter yelknr 006, Diet 'Ll*” same u t By” without butter yellow 
Both diet TBy” and diet XT' were supplemented dally with 20 pg. of thiamine, 25 fig of 
of riboflavin 20 fig of pyndoxine and 100 fig of pantothenic add. Both rations were 
freshly prepared twice a week. 

JNot examined 

supplements of cystine (50 mg ) or of cystine (50 mg ) phis choline (20 mg ) 
Only one of the 19 rats that did not receive supplements of cystine or choline 
survived for 100 days. The average survival time in this group was 61 days. 
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why at the same time a lard diet does not entail toxic manifestations, such as 
are seen after administration of a diet containing lmoleic acid, needs further 
study for its elucidation 

If these considerations are correct, the procarcmogemc effect of cnsco or 
butter fat as well as that of nee could be explained by the preservation of butter 
yellow^ m the diet and the intestine because of a low intake of unsaturated 
fatty acids, in the case of butter fat or cnsco, and by the presence of a stabilizer 
or antioxidant, m the case of nee 

According to the literature (4, 5) the production of butter yellow cancer is 
hindered by administration of nee bran oil obtained by extraction from nee 
bran with ether This fact puts nee bran oil m the same category as lard 
Furthermore it tends to corroborate the assumption that the antioxidant of 
nee is not fat-soluble and does not pass mto the ether extract 

The metabolism of iVjJV-dimethylaminoazobenzene has hitherto been re- 
garded as a cellular process (6) The investigations reported here throw light 
on a reaction which occurs without the participation of living tissue In the 
hght of these findings it is noteworthy that recently the destruction of hemo- 
globin and hemin (7) and of carotene (8) by lmoleic acid has also been reported 
It remains to be shown whether the conservation and destruction of butter 
yellow in the diet and m the intestine, as illustrated by the investigations here 
analyzed, exhaust all possibilities of the influence of diet on “butter yellow 
cancer ” No such claim is presented here 

Recently great interest has been aroused by the identification of biotin as a 
procarcmogemc agent for butter yellow cancer (9) In the relevant experi- 
ments of du Vigneaud and his collaborators biotin was given by mouth and thus 
it may have acted locally m the dietary mixture or m the intestine as stabilizer 
for butter yellow, an effect similar to that of nee In preliminary experiments, 
however, which are being continued, we have been unable to demonstrate such 
an effect til vitro 

The production of progressive anemia and leucopema when hnoleic acid is 
contained m the diet and then- prevention by the administration of yeast recall 
the old hypothesis concerning the r61e ascribed to unsaturated fatty acids, 
mainly oleic acid, m the pathogenesis of pernicious anemia and anemia caused 
b> tapeworm ( Bothnocephalus latiis) (10) The fact that m these previous 
experiments ane mia could be produced by parenteral, but not by oral, ad- 
ministration of oleic acid has never been explained That essential fatty' acids 
or rather, probably, some of their oxidative break-down products, exert an 
injurious effect on hematopoiesis only if the diet is deficient is a fact not known 
hitherto and one which has become evident only in the present experiments 
Further studies are needed in order to identify this deficiency which, together 
with the pathogenesis of “butter y ellow cancer,” is a good illustration of the 
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often recurring problem whether intoxication or deficiency (11) plays the leading 
part in a grven dietary disturbance 

The special type of anemia and the cancer of the liver found in the present 
investigations were mutuall> exclusive In this connection it is illuminating 
that in certain races of the Far East primary cancer of the liver is a common 
disease whereas pemicous anemia occurs very rarely (12) It should be em 
phasized, however, that the morphologic blood picture of pemicous anemia 
differs from that seen in rata fed a diet containing linoleic acid, the latter 
anemia being of the secondary type This difference may be due either to the 
differing response of man and rat or to the differing pathogenesis 

SUiOIARV 

Crude linoleic acid incorporated with or without butter yellow in a synthetic 
diet proved to be toxic for rats The toxic effect manifested itself m loss of 
weight progressive anemia of the secondary type, leucopewa, and pediculosis. 
It could be neutralized preventively and therapeutically by administration of 
yeast The toxicit} of the diet containing linoleic acid appears to be due to 
oxidative break-down products of the unsaturated fatty acid 

The color of the same diet when it con tamed crude linoleic acid supplemented 
with butter yellow faded progressively in the presence of air (Oj), even at room 
temperature Purified preparations of linoleic acid and, to a less degree, 
purified preparations of arachidomc and oleic acids have shown the same de 
structive effect on butter yellow in vitro 

Brown (unpolished) or white nee contains a stabilizer (antioxidant) for the 
preservation of butter yellow 

In experiments on the production of hepatoma in rats following the ingestion 
of butter yellow, nee on one hand and cnsco or butter fat on the other hand have 
proved to be procarcinogemc. These results would seem to be correlated with 
the preservation of butter yellow in the diet and m the intestine, because of the 
antioxidant in nee and the low supply of unsaturated fatty acids, respectively 
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LIVER INJURY, LIVER PROTECTION, 

AND SULFUR METABOLISM 

Methionine Protects against Chloroform Liver Injury Even W hen 
Given after Anesthesia 1 * 

By L L MILLER, Pn.D and G EL WHIPPLE, MB 
(From the Department of Pathology of The University of Rochester School of Medicine 
and Dentistry , Rochester New York) 

(Rcccn cd for publication Julj 31, 1942) 

The experiments listed below may seem unrelated, but, m fact, bear on the 
question of the defense mechanism of the liver cells against chloroform injury 
It came as a complete surprise to us when experiments showed that methionine 
gave considerable protection against liver injury even when given 3 to 4 hours 
after the anesthesia 

The observed fact that the livers of fetuses or of newborn pups showed un- 
expected tolerance to chloroform injury has long interested us The newborn 
pups exhibit remarkable tolerance to chloroform injury and this peculiar 
quality lasts 2 to 3 weeks after birth, as Bhown yearn ago by one of us (20) 
Tables 3 and 2 show that the nitrogen sulfur ratio of pups and normal adults 
is about the same, that is, 11 or 12 to 1 The protein-depleted dog which is so 
susceptible to liver injury, shows a nitrogen sulfur ratio of 14 or 15 to 1, which 
means presumably less available sulfur-containing amino acids 

It is obvious, too, that during long protein depletion ( 4 to 8 weeks) on a ray 
low protein diet, the liver is drained of its sulfur a httle more completely than 
of its nitrogen. This sulfur deficit in the liver can be made up very promptly 
by feeding methionine and less effectively by cystine 

Previous reports (13, 14) from this laboratory have shown that the protein 
depleted dog is extremely susceptible to chloroform liver injury, and that a 
single large pro tern feeding protects the protein-depleted dog from an otherwise 
fatal chloroform anesthesia and related liver injury It was then shown (14) 
that dl methionine and, to a less extent, J-cystwe, given before chloroform 
anesthesia, are as effective m protecting the protein-depleted dog as a large 
protein feeding A variety of non-sulf ur-con tai rung ammo acids were found 
to be entirely lacking in this protective action 

Methods 

Chloroform Anesthesia Experiments — All dogs used in these experiments were 
activ e healthy adults. As indicated in detail m the individual protocols the dogs' 
reserve stores of protein were depleted by maintenance on a very low prolan diet con 

* We are indebted to Eli LiDy and Campon} for aid in conducting this ork 
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sistrng of sucrose 72 2 per cent, salt mixture (19) 4 6 per cent, bone ash (largely cal- 
cium phosphate) 4 6 per cent, cnsco 14 9 per cent, mazola oil 6 5 per cent, cod liver 
oil 1 4 per cent, veast powder (Fleischmann’s Type 200-B), 0 7 per cent, powdered 
Irver extract (Lilly, H8083), 0 7 per cent, nicotinic acid 13 9 mg per cent, chohne 
chloride 111 mg per cent The amount of protein m this diet did not exceed 1} gm 
per 100 gm as fed 

The amounts of (//-methionine (Merck and Co ), 1 /-cystine (Eastman Kodak), and 
chohne chloride (Eastman Kodak), and the routes of administration are given in the 
individual protocols Other methods are described m previous reports (13, 14) 

Analysts of Livers — In all cases the livers were rapidly removed, and the excess 
blood or perfusion fluid removed by gently blotting with filter paper The livers 
were then cut into small pieces, weighed, and dried to constant weight at 76°C 
(usually about 72 hours) The dried liver was then ground to a pov, der and samples 
taken for analysis 

The total nitrogen determinations on liver tissue w ere done by macro-Kjeldahl, and 
the total sulfur by the wet ashing of Masters (11), using concentrated nitric and per- 
chloric acids, follow ed bv precipitation of sulfate as banum sulfate 

EXPERIMENTAL OBSERVATIONS 

In experiments previously reported it was shown that as little as 3 0 gm of 
(//-methionine given before anesthesia would protect completely the protein- 
depleted dog from the effects of a 40 minute chloroform anesthesia This was 
in distinct contrast to the almost invariably fatal liver damage following only 
a 20 minute anesthesia in the unprotected protein-depleted dog 

Experiments 1 and 2 show a totally unexpected response Methionine given 
intravenously 3 and 4 hours after the start of a 30 minute chloroform anesthesia 
prevents the fatal injury, but does not prevent some hver damage On the 
basis of clinical condition, icterus index, and blood fibrinogen levels, dog 40- 
251 which received methionine 4 hours after chloroform anesthesia presented 
the picture of the more severe hver injury 

In Experiment 3, dog 40-251 was moderately protected by cysteine plus 
chohne given intravenously 3 hours after chloroform anesthesia It is inter- 
esting to note that the blood fibrinogen level did not fall below 250 mg per cent 
despite the apparently severe hver damage This is probably related to the 
presence of several purulent ulcers of the shin, as it is well known that suppura- 
tion raises the level of blood fibnnogen, even in the presence of chloroform 
liver injury 

1 We are indebted to Merck and Co for valuable ammo acids 
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TABLE 1 

Methionine and Cysteine Gtren 3 to 4 Sours after Ckhroform Protects Liver 
Experiment 1 (dog 39-230) Methionine [Pcs moderate protection 


Time befor* tad 1 
sfttr chloroform 

FlWooem 1 

Ictenu laficj 

CUnicsl condition 

kis 

Ml rtf «mi 



0 ! 

420 

0 | 

formal (plasma protein * 5 10 gm per cent) 


30 min chloroform anesthesia, dl methionine given by vein 3 and 6 hr*, after start of anes- 
thesia (total 3 gm.) 


6 

|~ 390 

0 

| Normal 

24 

280 ! 

2 

Good vomited some moan 

48 

130 1 

9 

Excellent 

72 

140 

13 

‘ 

96 

187 

11 

‘ 

120 

240 

6 

recovery 

Experiment 2 (dog 40-251 ] 

l Methionine pecs mod trait protection 

0 

315 

1 0 ! 

; Normal (plasma protein -• 5 06 gm per cent) 


30 tnln chloroform anesthesia, ttf -methionine given by vein 4 hr*, after start of anesthesia 
(total 3 0 gm.) 


24 

210 

8 

Somewhat quiet but good 

• 48 

114 

11 

Good 

72 

102 

17 


96 | 

— 

14 


216 

282 1 

3 1 

Excellent recovery 

Experiment 3* (dot 40-251) 

Cysteine + choline [iur moderate protection 

0 j 

260 

0 

Normal (plasma protein — 5.22 gm. per cent) 


30 mm chloroform anesthesia, cysteine (2,85 gm. of hydrochloride) *f- choline hydro- 
chloride (1 0 gm ) given by vein 3 hr*, after anesthesia 


“ 1 

250 

13 

Piftsma protein 5 06 gm per cent 

Intoxicated vomited mucus, we*k 

48 

250 

16 

Very weak vomited mucus. Skin ulcers 

72 

340 

14 

Improved. Ulcers purulent 

96 

410 | 

14 

Good recovery 


* Interval of 18 wka. between Experiment 2 and Experiment 3 


Cltntcal Histories 

Experiment 1 dog 39 230 Mongrel bound Feb 22 1941— Weight 91 kg 
Plasma protein level 6 32 gm per cent Placed on low protein diet, 135 gm. daily 
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Feb 23 to Apr 29 — Ate an average of 60 to 80 per cent of food Apr 30 — Fasted 
May 1 — Weight 8 5 kg Plasma protein level 5 1 0 gm per cent Chloroform anesthesia 
— See Table 1 The ^/-methionine in this and the following experiments was dis- 
solved in about 150 cc of physiological saline and given intravenously May 1 to 
May 6 — Ate an average of 10 per cent of diet May 7 — Placed on kennel diet 
Weight 8 0 kg 

Experiment 2, dog 40-251 Mongrel hound, male May 28 to June 9, 1941 — 
Fasted Plasma protein level on June 5, 6 68 gm per cent, weight 12 2 kg June 
10 to Aug 4 — Low protein diet, 200 gm daily, eaten 95 to 100 per cent Plasma 
protein level, July 29, 4 85 gm per cent Aug 5 — Fasted Aug 6 — Weight 10 3 
kg Plasma protein level 5 06 gm per cent Chloroform anesthesia — See Table 1 
Methionine given 4 hours after chloroform Aug 6 to 15 — Ate 95 to 100 per cent of 
diet except on Aug 7, when only 40 per cent was eaten 

Experiment 3, dog 40-251 Nov 12 to Dec 13,1941 — On low protein diet, 200 gm 
daily, eaten 100 per cent Weight on Nov 14,110 kg Dec 14 — Fasted Noted a 
number of small ulcerated areas on skin pressure points Dec 15 — Weight 9 7 kg 
Plasma protein level 5 22 gm per cent Chloroform anesthesia — See Table 1 (choline 
chlonde and cysteine hydrochloride neutralized with sodium bicarbonate before bemg 
given mtravenouslv, 0 6 mg atropine sulfate intramuscularly to control salivation) 
Dec 15 to Dec 19 — Ate practical!} no food Ulcerated areas frankl} purulent 
Dec. 20 — Returned to kennels 

Experiments 4 and 5 show that oV-methionme, given intravenously as in the 
above experiments 4 and 6 hours respectively after the start of the anesthesia, 
fails to prevent fatal liver damage with typical severe hyaline central liver 
necrosis Evidently 4 hours is about the time limit beyond which methionine 
ceases to protect the liver against chloroform injury due to 30 minutes of anes- 
thesia 

Experiment 6 confirms previous observations (6), that relatively large 
amounts of choline given before anesthesia fail to prevent fatal liver damage 
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TABLE 1-a 

lielhionins Ghen 4 to 6 Bouts after Chloroform and Choline Green before Chloroform Fail 
to Protect Ueer 

Experiment 4 (dot 40-404) If etktomne fails to protect m hen [iron 4 hrs after anesthesia 


Tim* befewe and] 
alter chloroform i 

FIbrtooctn 

Icttroj loda 

CUnkal condition 

ktt 

0 

me ft* tai 

266 

0 

Normal (plasma protein — 4.99 gm. per cent) 

30 min. chloroform anesthesia, methionine given by vein 4 hrs. after start of anesthesia 
(total 3 0 gm ) 

24 

40J 

lQOdb* 

20 

Droopy 

Dead Liver extreme hyaline necrosis 

Experiment 5| (dog 30-23G) Melhonint Jails to protect tr ken given 6 hrs after anesthesia 

0 

| 3S7 

0 

| Normal (plasma protein — 4 45 gm. per cent) 

30 min chloroform anesthesia, methionine given by vein 6 and 20 hra. after start of anes- 
thesia (total 3 2 gm ) 

24 

36t 

| 239 

| 20 

Fair Vomited mucus 
j Dead Liver extreme hyaline necrosis 

Experiment 6 (dog 39 33S) 

Ckdint before anesthesia fails to protect 

0 i 

1 «* i 

1 « 1 

| Normal (plasma protein — 5 07 gm per cent) 

20 Tnin. chloroform anesthesia, choline hydrochloride (2.0 gm ) by month 3J hrs. before 
anesthesia 

24 

34t 

209 

13 

Severely intoxicated vomited mucus 

Dead Liver, extreme hyaline necrosis 


* Poor dot In fibnn formation with caldotn chloride, 
t Extlmmted hour of death. 

S Interval of 13 erica, between Experiment 1 and Experiment 5 


Clinical Histones 

Esepenment 4 dog 4CM04 Mongrel hound male. July 11, 1941— Weight 11 8 
Lg Started on low protein diet 200 gm daily following 10 days’ last Juh 12 to 
July 31— Ate 90 to 100 per cent of food Aug 1— Ate 30 per cent of food Plasma 
protein lei el 5 03 gm per cent. Aug 2 to Aug 6— Added 5 gm freah pig liver to 
dally diet Ate 90 to 100 per cent of food Aug 7— Fasted Aug 8—' 11 eight 102 
kg Plasma protein level 4 99 gm per cent Chloroform anesthesia 30 minutes 
duration started 4 hours before methionine was given— See Table 1-u Aug 10— 
Found dead In the gross and microscopically the liver showed severe central necrosis 
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Experiment 5, dog 39-230 June 5 — Returned to low protein diet follow mg lOdavs’ 
fast Plasma protein level 5 45 gm per cent Weight 7 3 kg June 6 to July 28— 
Ate an a\erage of 35 to 40 per cent of diet July 29 to Aug 4 — Added 10 gm of 
fresh pig li\ er to dady diet Ate an average of 80 per cent of food Aug 4 — Fasted 
Aug 5 — \\ eight 5 8 kg Plasma protein level 4 45 gm per cent Chloroform anes- 
thesia— See Table 1-a Aug 7 — Found dead Autopsj reveals unclotted blood in 
great \essels and heart In the gross and microscopically the lner showed severe 
central necrosis 

Experiment 6, (dog 39-338) Mongrel hound, male Oct 1 to Dec 20, 1941 — 
Low protein diet 185 gm dad> Ate average of 95 per cent of food Dec 20 to 
Dec 24 — Ate 60 to 70 per cent of food Dec 24 to Jan 3, 1942 — Added 10 gm fresh 
pig lner to dady diet Ate 95 per cent of food Jan 4 — Ate 60 per cent of food 
Weight 1 1 1 kg Jan 5 — Ate 50 per cent of food , choline chloride added to gn e 0 60 
gm total ingested Jan 6 — Ate about 50 per cent of food, choline chlonde added to 
give 1 0 gm of choline chlonde mgested Jan 7 — Fasted Jan 8 — Plasma protein 
level 5 07 gm per cent C>a\ e 2 0 gm of choline chloride bv stomach tube, preceded 
bv 0 6 mg of atropine sulfate intramuscularly to pre\ ent excess salivation Chloro- 
form anesthesia 20 minutes started 3} hours after choline was given See Table 1-a 
Jan 10 — Found dead Autops\ reveals severe central necrosis of liver both m the 
gross and microscopically 

Histological Specimens (Table 1-a) 

Dog 39-404 — Tvpical extreme h) aline central liver necrosis, a few hv cr cells about 
the portal structures are not necrotic Dogs 39-230 and 39 338 present an identical 
picture 

In Table 2 are listed the nitrogen and sulfur analyses of adult dog livers 
It is obvious that the liver N/S ratio m the dog well fed with protein is distinctly 
lower (10 5 to 12 4) than the liver N/S ratio m the protein-depleted dog (14 1 to 
15 4) The feeding of /-cystine (dog 39-215) or (//-methionine (dog 39-164) 
low ered the liver N /S ratio markedly in both cases The response to methionine 
feeding is greater though less total methionine was fed The comparatively 
small change in the muscle N/S ratio makes it appear that the liver can board 
the S-contaimng amino acids in some form It is not unlikely that much of the 
methionine is incorporated in the proteins of the liver cell 

In the adult dogs the milligrams of liver N per cent body weight in the 
protein-depleted dogs do not vary significantly from those of the normal well 
fed dogs This may be attributed to the fact that, w ith long extended protein 
deprivation, the percentage decrease m total carcass protem probably reaches 
about the same value as the liver protem decrease In rats, Addis, Poo, and 
Lew (2) have demonstrated essentially this fact 
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TABLE 2 


Liter Niiroitn and Sulfur 
Normal WeU Fed Adult Vo[s 






i 

Dry Over 

Do* No 

Flttm* 

pfottiu 

Wrel 

Bodr 

Liter 

wrijht 

Ltrtr 1 
•obds 

N 


N 

•fr “l 





1 



per cent 
body wtljfat 


1 f« fer 
ct%l 

4*. 

pm 

ft* uwl 

Prf ctn! 

per ctml 



5E 


18 6 

539 

26 9 

9 21 

0 752 

12 2 

72 5 9 

2F 



306 

24 8 

10 (A 

0 885 : 

12 0 


IF 



320 

23 4 

10 58 

0 860 

12 3 


40-167 


14 8 

377 

19 2 

11 65 

0 941 1 

12 4 

57 4 6 

41 137 

6 44 | 

15 4 ' 

435 

19 0 | 

10 27 

0 942 

10 9 

55 5 0 

41 127 

6 19 

12 6 1 

355 

27 4 1 

9 54 

, 0 896 

10 6 

74 7 0 

41 138 

6 58 
(5 21) 

14 0 

362 

26 2 

10 42 

0 858 

12 2 

i0 5 7 

41 130 

| 6 OS 1 
(4 80) 1 

11 7 

315 

26 2 

10 94 

1 03 

10 5 

77 7 3 

Average 







11 6 



Protein Depleted Adult Dots 


39-10* 

35-6 

39-230 

41-305 

41-308 

4 90 

4 14 

4 45 

8 2 

18 0 

7 7 

214 

790 

230 

313 

377 

27 1 

26 2 

22 5 

26 6 

33 0 

7 58 

7 17 

8 91 

11 23 

7 02 

0 527 

0 502 

0 631 

0 736 

0 454 

14 4 

14 3 

14 1 

15 3 

15 4 

54 3 8 

82 5 7 

81 5 7 
Pregnant 

Average 




27 1 

8 38 

0 570 

14 7 



Prolan Depleted Adult Dots Fed Methionine or Cystine 


39-1MJ 

4 00 

7 4 1 

238 

27 8 

5 65 

0 674 

8 4 1 

51 

6 1 

39-215| 

4 95 

12 1 1 

597 

31 2 

5 CO 

0 494 

11 3 

85 

7 5 


* Muscle — 
N 

% Muscle - 
before sacrifice. 

5 Muscle— ■ 
fore sacrifice. 


12 79 
0 72 
1140 
0 75 

13 10 ( 
0 83 ’ 


■ 17.8. 

. 15.2 di-metiiloclne, ID 10 1 JS gm fed on 3 dayi respectively 
15.8 f-cystme 1 0, 1 0, 1 0 1.5 gm fed cm 4 days respectively be 
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Histological Specimens (Table 2) 

Dog 41-137 — Cells are normal, glycogen granules are obvious 

Dog 41-127 — Cells are normal, glj cogen granules arc conspicuous 

Dogs 41-138 and 41-130 — Cells are normal 

Dog 39-10 — Lncr cells arc normal Glycogen is conspicuous in lner cells in cen- 
tral half of lobule 

Dog 35 6— Lner cells are normal, stuffed with glycogen and have the appearance 
of vegetable cells 

Dog 39-230 — Liver shows usual extreme In er necrosis 

Dog 41-305— Fatal chloroform poisoning— usual extensive h\ aline liver necrosis 
(pregnancv) 

Dog 41-308 — Fatal chloroform poisoning and liver injury (pregnancy) 

Dog 39-164 — Lner cells are stuffed with glvcogen (like 35 6) 

Dog 39-215 — Liver cells are stuffed with glvcogen (like 35-6) 

Table 2 contains several individual experiments which deserve comment 

The first 4 dogs (5E, 2F, IF, and 40-167) had been used for radio iron metabolism 
experiments, were on a high protein intake, and w ere all young, active, and healthy 
adults They were then perfused under ether anesthesia Dogs 41-137 and 41-127 
were normal dogs on a mixed diet, fasted 24 hours, and killed under ether after a per- 
fusion w hich freed the In er tissue of blood These dogs show a normal plasma protein 
level and liver tissue which is normal histologicallj Although there is much differ- 
ence in the amounts of liver solids, the N/S ratio is similar, and we suspect a "dilu- 
tion” of the cell protein by fat or glycogen in dog 41-127 

Dogs 41-138 and 41-130 were well fed dogs which had been subjected to a rapid and 
sev ere plasma depletion (bleeding and return of red cells suspended in saline) w hich had 
low ered the plasma protein levels from 6 58 to 4 23 gm per cent and from 6 08 to 
3 58 gm per cent respectiv el} After 24 hours the plasma protein lev els had risen to 
5 21 and 4 80 gm per cent respectively, presumably due to rapid influx of plasma 
protein from reserve body stores (liv er and muscle) The dog was then perfused under 
ether anesthesia This procedure did not disturb the figures for nitrogen and sulfur 
m the liver 

Protein-depleted dogs (Table 2) show many points of clinical interest 

Dog 39-10 had been on a verv low protein diet (not more than 2 to 3 gm protein 
per dav) for 13 weeks and was exsanguinated under ether anesthesia The plasma 
protein lev el was low (4 90 gm per cent) and the percentage of N and S w ere both 
muchbelou normal, but the S was the lower, giving a high N/S ratio, 14 4 Dog35-6 

was both anemic and plasma-depleted One week's protein fast was followed bv 4 
weeks of a v er> low protein diet (not more than 2 to 3 gm protein per da> ) The 
dog was then perfused under ether The plasma protein lev cl was ver> low (4 14 gm 
per cent), and there had been a loss of 3 5 kilos bodv w eight The N and S values are 
almost exactlj those of the preceding experiment 

In dog 39 230 (refer to Table 1-c and Clinical historv), a 10 dav fast was followed 
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by the low protein diet for 9 weeks Plasma protein level (4 45 gm per cent) was low 
and there had been a loss of weight of 2 kilos Chloroform anesthesia 30 minutes 
caused death in 36± hours. The liver showed typical extreme hyaline necrosis. 
The N and S analyses arc much like those of plasma depletion alone The susceptible 
and damaged Irv er cells evidently contain about the same amount of protein (Table 2) 
Methionine given 6 hours after chloroform was not taken up in significant amounts by 
these injured and necrotic liver cells — compare with dog 39 164 (Table 2) where 
methionine uptake Is obvious. 

Pregnant dogs 41 305 and 41 308 (Table 2) were obviously close to term. Thev 
were not well nourished and we know nothing about their dietar> history They were 
both fasted for 3 days The dogs went into labor Pups 303-1 and 2, and 305 1 2 
3, and 4 were bom (Table 3) The mothers were then given light surgical chloroform 
anesthesia — Dog 41 305 50 minutes and dog 41-308 70 minutes Reco\eiy from 
chloroform anesthesia was prompt and during the ensuing 4 hours pups 305-5c, 6c, 
and 7c and pups 308-3c, 4c, and 5c were born normally The mother dogs died in 
about 15 hours following the chloroform anesthesia with ample evidence of fatal 
chloroform liver injur} The pups’ livers exposed to the same dose of chloroform in 
xde.ro showed not a trace of injury (Table 3 and Histological specimens) 

Protein-depleted dogs 39-164 and 39-215 (Table 2) had been on a low protein diet 
for 9 weeks which had effected some hvpoproteinenna (4 00 and 4 95 gm. per cent 
respectivel} ) They were fed methionine and cystine (Table 2) and 24 hours later 
were exsanguinated under ether The content of the dry liver in N and S is decidedly 
low as compared with normal dogs but the N/S ratio is decreased m comparison with 
protein-depleted dogs not fed the S-contammg amino acids. Obviously the liver 
tissue has taken up these amino acids more than the musde tissue and more of the 
methionine than of the cystine The increase in liver Bolids is certainly in large part 
due to glj cogen (Histological specimen) The low content of nitrogen tntgki be due 
to metabolic activity related to the methionine and evstine intake — a turn over of 
protein to supply other body protein emergency needs The S is largely retamed in 
the body in such experiments (17) 
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TABLE 3 


Liver Nitrogen and Sidfur 
» Normal Pups (48 Hrs Old) 


Pup No 

Weight 

Liver 

weight 

Lrver 

solids 

N 

s 

Dry Irver 

N 

S 





*r 

tm 

Perl cent 

per cent 

per cent j 

■ 



i 

0 32 

12 3 


12 77 

0 949 

Mm 

109 

8 1 

2 

0 33 

13 0 


11 30 

0 892 

■as 

112 

8 8 

3 

0 31 

11 6 

22 9 

12 78 

0 988 

12 9 

110 

8 5 

4 

0 33 

13 0 

23 8 

13 59 

1 17 

11 8 

127 

10 8 

Average 



23 1 

12 61 

0 998 

12 7 


Pups Bom before Chloroform Anesthesia (7 Ers Old) 


308-1 

308-2 

305-1 & 2 

305 3 8-4 

0 25 

0 23 

O 35 

0 43 

12 0 

13 0 

16 0 

20 5 

30 7 

26 9 

28 8 

26 8 

7 87 

6 84 

8 16 

7 07 

0 720 

0 633 

0 735 

0 641 

10 9 

10 8 

11 1 

11 7 

116 10 6 

104 9 6 

109 9 8 

91 7 8 

Average 



28 3 

7 48 

0 682 

11 1 



Pups Born after Chloroform Anesthesia ( 48 Hrs Old) 


3 OS-3 &. 4c 
30S-5c 

30S-5c 

305-6 & 7c 

0 42 

0 18 

0 14 

0 39 

15 6 

7 4 

10 0 

17 9 

24 5 

21 2 

22 1 

22 5 

12 34 

13 02 
12 40 
11 37 

i 

■ 

113 9 8 

116 9 0 

1 203* 16 9 

118 10 0 

Average 



22 6 

12 28 

1 02 

12 1 



* Out of cage during night — cold and deh>drated but viable 


Histological Specimens (Table 3) 

Pup 1 — Cells are normal, marrow cells arc numerous 

Pup 2 — Cells are normal, marrow cells are numerous Glj cogen is well shown 
Pup 3 — Cells are normal, marrow cells are numerous 

Pup 4 — Cells are normal, marrow cells are numerous A few bile canahculi show 
brown colloid deposits Lobulation is v er> well outlined due to contained blood 
Pups 305-1, 2, 3, and 4 — Cells are normal, but stuffed with glj cogen, marrov cells 
are numerous 

Pup 30S-1 — Cells are normal, but stuffed w ith gl\ cogen, marrow cells arc numerous 
Pup 305-5c — Cells are normal, there is no necrosis, marrow cells are numerous A 
few bile canahculi contain brown colloid 
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Pup 305-6c — Cells are normal, there is no conspicuous glycogen no bile canahcuh 
visible, and the marrow cells arc numerous 

Pup 305-7c— Cells are normal glj cogen is visible and fairly abundant, marrow 
cells are numerous and there is no necrosis 

Pup 30S-3c— Cells are normal, there are no glj cogen granules, no necrosis, and 
marrow cells are numerous 

Pups 308-4 and Sc — Cells are normal, there are no glycogen granules no necrosis 
marroiv cells are numerous A few bile canahcuh contain brown colloid. 

Table 3 shows the nitrogen and sulfur values for pups’ livers both normal 
and exposed to chloroform in ulero It is fair to say that in the 48 hour pups 
whether exposed to chloroform or not, the N and S values and N/S ratio fall 
within the range of normal adult dogs In the pups 7 hours after birth th^ 
glycogen deposits are very great but the N/S ratio b unchanged The amount 
of N to body weight shows that the pups have livers larger in proportion than 
adults Chloroform anesthesia sufficient to hill the mother within 15 to 20 
hours causes no abnormality m the pups in ulero during the anesthesia ns 
cognizable by chemical analysis (Table 3) or by histological study 

DISCUSSION 

What mechanism accounts for the liver cell necrosis due to chloroform? No 
adequate explanation has yet been given, but we have suggested that the 
— SH groups of vital enzyme systems may be concerned (14) We have also 
speculated on the relation between liver sulfhydryl and the tension of avail 
sbb arvgsn, the importance o$ the .2 liable oxygen tension 5or decreasing 
chloroform liver damage has been emphasized by the work of Goldschmidt, 
Ravdin, and Lucii (5) We need not repeat that argument, but may say that 
the rapid uptake by the depleted liver cell of fed methionine and cystine (Table 
2) supports these hypotheses 

What shall we say of the observation that methionine given 3 or 4 hours 
after chloroform anesthesia gives definite protection to the protein-depleted 
dog? At first sight this may seem to confuse the issue, but any adequate 
explanation of chloroform liver necrosis mu3t comprehend this observed fact 
We may say that the injury done the liver cell by chloroform during the anes- 
thesia period is in a measure reversible during a 3 or 4 hour period. If a 
disturbance of an enzyme system is responsible, then that process is reversible 
during an interval of 3 or 4 hours 

When methionine (a single dose) is fed to a protein-depleted dog, it is re 
tamed within the body (17) It does not appear in great concentration m the 
muscles but does appear in large amounts m the liver (Table 2) We believe 
the methionine is incorporated m the liver protein matrix just as readily as the 
same protein matrix was depleted of its sulfur by prolonged low protein diet 
periods 
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Liver proteins are m a state of constant flux as incoming materials are syn- 
thesized into protein and out gomg proteins (c g fibrinogen, prothrombin) are 
constantly supplied to fill urgent body requirements There must be some 
modification of liver protein to produce plasma proteins (fibrinogen) just as 
plasma proteins must be modified slightly when they supply the protein needs 
of body cells (21) This implies that liver proteins have a variable make-up — 
that these proteins are a part of a dynamic system — that certain ammo acids 
may be lost or agam regamed without serious disturbance of the cell function 
There are opinions for and against this argument In favor are the experi- 
ments of Schoenheimer and Rittenberg (16), Schenk and Wollschitt (15), 
against is the paper of Lee and Lewis (10) 

Pups after birth or fetuses in utero have an extraordinary tolerance for chloro- 
form anesthesia After birth the pups slowly lose this peculiar tolerance for 
chloroform and by the 4th week have reached the level of the adult dog (20) 
Chemical analyses show no significant differences between pups and normal 
adults (Tables 2 and 3) It is noteworthy, however, that the N/S ratio of the 
pups is normal as compared with healthy adults but that the mothers showed a 
very high N/S ratio, that is, less sulfur Apparently the fetuses m utero can 
rob the mother liver of sulfur, as is also true for iron The needs of the growing 
fetus take precedence over those of the maternal body — a very important 
biological law 

One structural difference must be mentioned — the presence of blood islands 
or marrow cells within the liver lobules in the pups These islands of marrow 
cells gradually disappear as the pup loses its tolerance for chloroform This 
fact is readily demonstrated but adequate explanations to fit this observation 
are not yet at hand 

The liver lobules of the fetus or pup except for these blood-forming cells 
are much like the adult hver lobules The liver lobule of the newborn pup 
is a little smaller than the adult hver lobule, and the cell nuclei a little larger 
and more active looking, and more mitoses are to be found 

The pup’s hver within 9 months grows to its adult size — an increase of about 
20 times ML at goes on m the liver lobules meanwhile is not mentioned in the 
textbooks of anatomy We get the impression that the formation of new lobules 
is not accepted but the biliary tree must lengthen as the liver size expands 
The common duct at the hilum, let us say, is a fixed pomt and the liver capsule 
mo\ r es out as the hver weight increases The biliary tree must lengthen its 
branches and alm ost certainly the terminal arborizations must increase m 
number or, m other words, new lobules must be formed New hver cells must 
be formed rapidly during growth but these changes apparently have little 
effect upon chloroform tolerance The cross section of the hver lobules remains 
relatively unchanged and therefore there is no structural basis for the observed 
tolerance of pups to anoxia 
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From the work of Himwich and his collaborators (4, 9) we know that new 
bom pups are highly resistant to the injurious effects of anoxia This tolerance 
to anoxia may be a part of the same physiological me chanism which renders 
these pups so resistant to chloroform anesthesia 

The presence of blood forming cells within the liver remains as one certain 
structural difference between these fetuses or newborn pups and the adult 
dogs However these marrow cells are not uniformly distributed m the liver 
lobules and one never sees occasional areas of liver cells (free of marrow cells) 
involved in necrosis and other areas (containing marrow cells) umnvolved in 
the liver injury We have only one suggestion to make — that the presence of 
these marrow cells m some obscure fashion modifies the enzyme system, dis- 
turbance of which m the normal adult dog is responsible for the liver necrosis 

As noted above (Table 2) the protein-depleted dog is a dog even more com 
pletely depleted of sulfur The maximum differences between the liver N/S 
ratio of the protein-depleted dog and the normal well fed dog seem too large 
to be explained solely on the basis of fluctuations m the non protein sulfur 
content (e g glutathione) It appears to connote a definite loss by the protein 
depleted liver of some relatively sulfur nch component, presumably protem in 
nature, the loss of which makes the liver more susceptible to a variety of m 
junous agents known and unknown When methionine (or cystine) is fed to 
this type of dog there is a rapid uptake of sulfur, in the liver especially This 
response makes up the liver sulfur deficit very promptly In striking contrast 
(dog 29-230, Table 1-a, and Table 2) when the methionine is given 6 hours after 
the chloroform anesthesia there is no uptake of methionine by the hwr The 
liver cells are fatally damaged by the chloroform m this experiment and do not 
take up the methionine* Obviously this uptake of methionine is not a simple 
physical response (adsorption) nor is the response related to the Kupffer cells 
of the liver (reticuloendothelial system) as these cells are not specifically injured 
by the chloroform* Viable liver cdls are essential for the rapid uptake of 
methionine 

The effects of protein depletion on the liver are of general interest not only 
because of the increased susceptibility to obvious hepa toxic agents, such as 
chloroform or arsphenamine (12), but also because of its significant relationship 
to other disease states— fatty livers (1), experimental cirrhosis (3, 7), expen 
mental liver carcinoma (8), and decreased liver function (18) In almost all of 
these conditions the beneficial effect of a high protein dietary or more specifically 
of methionine or cystine or cysteine plus choline, points to a fundamentally 
close relationship between all these abnormal states 

Liver injury has been treated in the past and still is being treated with a high 
carbohydrate diet There is good reason for the carbohydrate therapy but, 
as a result of work in this and other laboratories demonstrating the paramount 
importance of protem in preventing or allaying liver da ma ge, a diet high m 
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protein as well as carbohydrate obviously is the correct therapy The pro- 
tective action of methionine or cystine plus cholme suggests the use of these 
substances or of suitable methionine-rich protein digests (e g casein) as thera- 
peutic agents where any type of liver damage is present Methionine in solu- 
tion can be administered parenterally alone or with glucose without any un- 
favorable reaction m man and animal 

SUMMARY 

Protein-depleted dogs are very susceptible to injurious agents — in particular, 
chloroform Methionine given shortly before chloroform anesthesia will give 
complete protection against chloroform Methiomne (or cysteine plus choline) 
given 3 or 4 hours after chloroform anesthesia will give significant protection 
against the liver injury of chloroform anesthesia Methiomne given more than 

4 hours after chloroform anesthesia gives no protection against liver injury 
Cholme alone given before chloroform gives no protection against liver injury 

The protein-depleted dogs have livers which are deficient m both nitrogen 
and sulfur, but sulfur is depleted more than is the nitrogen The N/S ratio 
therefore rises Methiomne or cystine feeding promptly makes up this liver 
sulfur defiat Viable liver cells are necessary for this uptake of sulfur 

Livers of fetuses m vtero or of newborn pups tolerate a chloroform anesthesia 
which will cause fatal liver injury m adults The nitrogen and sulfur values 
of these fetus or pup livers are within the high normal values for adults Blood- 
fonmng cells are present in the fetus or pup livers during this period When 
these blood islands are eliminated during the 3rd or 4th week of life, the liver 
then becomes normally susceptible to chloroform liver injury 

Methiomne or methionme-nch protem digests (e g casein) or various pro- 
teins by mouth or by vein should prove useful to protect the liver against 
certain types of injury and to aid in organ repair 
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SEROLOGICAL REACTIONS OF PROTEIN FILMS AND 
DENATURED PROTEINS 

By A. ROTHEN Pn.D., axd K. LANDSTEINER, M.D 
(From the Laboratories of The Rockefeller Institute for Medical Research) 
e (Received for publication, June 24, 1942) 

The demonstration of compact, globular or ellipsoidal protein molecules by 
means of Svedberg s ultra centrifuge method (1) in conjunction with diffusion 
measurements, and, arising from this, the conception of linkages other than 
peptide bonds which hold the ammo acids together in a definite three-dimen 
sional configuration have offered a new problem for serological investigation 
While previously proteins were commonly conceived as a linear arrangement of 
amino acids m peptide linkage, the question now arose whether or to what 
extent a higher organization of the molecule influences the serological properties 
of protein antigens, and antibodies An approach seemed possible through in 
vestigations of monomolecular films, where the globular shape is changed into 
a flat layer, and by consideration of the serological changes occurring in pro- 
teins upon denaturation, a process m which a disruption of non-covalent 
linkages has likewise been assumed (Wu (2), Musky and Pauling (3)) 
Preliminary experiments along these lines in which monomolecular films of 
ovalbumin were observed to exhibit specific reactions have been briefly reported 
by us (4), and the present paper represents on extension of this work. 

In addition to papers already quoted there are new reports to be mentioned. 
Chambers Bateman and Calkins (5) in a study with spread streptococcal nucleo- 
protelns found that the films were capable of reacting with the correspon d i n g anti 
serum The same workers subsequent!} investigated the specificity of films of 
Lancefidd s M” substance (6) They obsen ed that even their thinnest film (14 A) 
reacted specifically with homologous sera The maximum increase m thickness 
varied from 150 A for undiluted sera to 50 A for diluted sera (1/300) The maximum 
thickness was obtained in 5 minutes for undiluted sera whereas it required 30 minutes 
to attain the limiting tMrkness m the case of sera diluted 1/300 

In general the various studies on serological reactions of films ha\e been earned 
out In part with layers of antigens adsorbed on a metal slide covered with steanc acid 
and banum stearate in which case the thickness of the layers corresponds at least 
to the shortest dimension of the globular molecules but often very' much thicker 
layers ore obtained (7) and persistence of the original immunological activity may 
well be expected In other experiments m which the antigen is first spread on the 
surface of a buffer solution at a pH near the isoelectric point the thickness of the film 
is only 6 to 8 A which corresponds to the average thickness of an extended polypeptide 
chain For this reason the use of such monomolecular films, transferred to metal 
slides coated with stearate is of greater significance for the problem outlined above 
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EXPERIMENTAL 

Methods — Tie films were obtained m the following w ay A few drops of a 1 per 
cent solution of the protein to be spread were placed on a piece of filter paper free from 
anv foreign spreadmg matenal The paper was slowly brought mto contact with the 
clean surface of the trough Two troughs were used, a small one 50 X 14 cm made 
of plastic matenal (plexiglas) and a large one 90 X 30 cm made of enameled brass 
Both trays had a well at one end for the transfer of the film to the chromium shdes, 
according to the technique of Blodgett and Langmuir (S) Films w ere compressed 
mechanically by chrome-plated brass barriers The small trough was enclosed m a 
dust-proof box to avoid contamination through the air Film pressure v, as measured 
by the Wilhelmy balance method as recently desenbed by Harkins and Anderson (9) 
The sensitivity was of the order of 1 dyne per centimeter of the scale which could be 
read within a millimeter The thickness of the films was determined after transfer 
on chrome-plated slides covered with layers of steanc acid and banum stearate built 
up in stages ranging from 35 to 51 layers, according to the method of Blodgett and 
Langmuir (8) The shdes had a w ldth of 15 mm and each of the 10 steps of the optical 
gauge w as 1 mm wide The thickness wras determined by measuring the angle of 
incidence at which reflected polarized light (polarized in the plane of incidence) from 
two adjacent steps appeared of the same intensity The following equation was used 
for the calculation 


t •= 24 3 


N 


cos r 
cos r ' 



where l is the thickness in A, N the number of steanc acid layers which gix es a mini- 
mum intensity in the reflected hght for an angle of refraction r, before a protein layer 
has been deposited. N' is the corresponding number of steanc acid lay ers after the 
protem layer or lay ers hax e been deposited, the angle of refraction being r 1 The 
constant 24 3 is the thickness of a steanc acid molecule in A units as determined by 
Blodgett and Langmuir 

In the calculation it is assumed (1) that the index of refraction of the protem is the 
same as that of the underlv mg steanc acid lay ers, namely 1 495, and (2) that the 
phase change occumng at the metal interface does not change appreciably w ithin the 
range from t = 67° to i = 85° (t = angle of incidence) Both of these assumptions 
ha\c been shown by Blodgett and Langmuir to be admissible For ease of compu- 
tation a table w as prepared giving the value of cosine r as a function of i 

The pressure apphed to the film for the transfer varied from 2 to 10 dynes A 
pressure of 2 dynes was sufficient for the transfer on the “down trip” but at least 7 
dines were necessary on the “up trip” to prevent the lav ers from slipping bad- mto 
the trough Plates coming out of the trav were wet, as is normal with protem films 
If the plates were washed before drving, only one lax er stav ed on If they w ere dried 
first, both lax ers stay ed on, but sometimes the top lax er could be w ashed aw ax Xo 
significant difference xxas observed m the results, whether a double Iaxer or a single 
lax er w as used , in most of the reported experiments smgle lay ers w ere used 

The films obtained with a gix en protein were not much different in thickness, 6 to 
S \ for ox albumin and serum albumin, and 8 to 12 4 for serum globulin The thick- 
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ness was found to be independent of the time during winch the films had stayed on 
the surface showing that unfolding had been completed when the first transfer was 
made 

Tests were made in this manner After each film had stayed in the trough for a 
determined period transfers were made to four prepared chrome slides slmuItaneousK 
and the thickness of the films was measured. A drop of each serum to be tested was 
deposited on a plate and spread to co\ er the whole useful area. After an interval of 
2 to 5 minutes which was found sufficient for the reaction to go to completion the 
plates were washed first with saline solution then with water and the increase in 
thickness measured. 

The proteins used were sc\ eral times recrystallued hen ovalbumin twice recrystal 
lized horse serum albumin and serum globulin which was prepared from horse serum 
b> precipitation between approximately 33 and 50 per cent saturation with ammonium 
sulfate. 

The denatured proteins (ovalbumin horse serum globulin) used for Immunization 
were made in the following manner A 1 per cent solution in saline was brought m a 
water bath to 90° and kept at this temperature for 5 minutes After cooling the 
coagulated fine flakes were separated washed twice with water and suspended in 
saline. 

For the tests a 1 per cent solution of the proteins m water (not saline) was brought 
to a pH of about 8J and heated in a water bath at 90° for 15 minutes. 

Immune sera for the native proteins were prepared by intravenous injections of 2 
cc. of about 0 5 per cent solutions on 6 success^ e days followed by a week, s rest. In 
all two to four such courses w ere required. For the immunization with denatured 
proteins 5 cc of about 2 per cent suspensions were injected mtrnpentoneafly at 6 daj 
intervals four to six such injections were given The sera were drawn a week after 
the last tnjeetton 


RESULTS 

A representative selection of the experiments with films of ovalbumin and 
horse serum albumin is given in Tables I, H, and EH It is seen that in agree 
ment with results previouslj obtained, expanded ovalbumin and serum albumin 
films react specifically with immune sera, the m crease m thickness upon treat 
ment with the sera being 30 to 45 A with homologous sera, against 5 to 14 A 
with heterologous immune sera or normal sera The results were the same 
whether the protein had been spread on buffer solutions of pH 4 6 or 7 .3, 1 or on 
water A specific difference between films made with native or denatured 
ovalbumin was not observed when the films were tested with antisera either to 
native or heat-denatured ovalbumin. The time elapsed between spreading 
and transfer onto the plate, up to 18 hours, had no influence upon the results 
with ovalbumin but some decrease in thickness of the antibody layer taken up 
occurred in the case of serum albumin. The effect of temperature on the re 

1 At pH 4 6 the second layer was usually removed in the washing 
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activity of egg albumin films was tested in the following way The box con- 
taining the trough was heated electrically The temperature of the bath was 

TABLE I 

Reaction erf a Double Layer of Egg Albumin Spread on Water, until Homologous and Heterologous 
Immune Sera and until Normal Sera 


Thickness of the double layer 15 to 20 A. 


Antiovalbumm immune sera 

Normal and heterologous sera 

No 

Thickness of adsorbed 
layer 

No 

Thickness of adsorbed 
lajer 


A 


A 

1 

55,58 

Normal serum 1 

7,9 

2 

50 

“ 2 

10,6 

3 

53,59 

“ 3 

9 

4 

49,51 

" 4 

12 

5 

50,49 

“ 5 

10,11 

6 

49,50 

“ 6 

7,9 

7 

42 

Anti horse albumin 

24 

8 

56 

Anti-horse serum 

19,10,20 

9 

49,52 

Anti horse red cells 

22 

10 

52,56 

Anti -ox red cells 

10,19 

11 

56,52 

Metanihc acid immune serum 

12 

12 

47,43 



13 

41 




TABLE n 


Reactions of Monolayers of Ovalbumin and Horse Scrum Albumin Spread at pH 7.3 (Veronal 

Buffer) 


Films 

Time inter 
val between 
spreading 
and transfer 

Antiovalbumin 
sera No 

Anti horse albumin 
sera No 

a3 

3 Z 

S 

So 

ez 

2% 

V™ 

&o 

11 

-edd 

1 

-O 

s 

52 

JZ 

I 

mS 

o 

I 

JO 

ha 

a 

s 

8 


42 

43 

1 

4 

11 

27 

26 

2 S 

30 

38 

!! 

— s. 

< 

•3— 

r 

_ o 

< 

- o 

•p 

— o 

c* 

< 

o 

£ 

Ovalbumin 


m 


35 

— 

— 

47 

B 

— 

B 


E 

— 

12 

8 


— 

7 

5 to 8A 

100 mm 

33 


— 

36 

— 

— 

9 

10,5 

mk 

5 

E 

— 

11 

12 

10 

— 

— 

thick 

18 hrs 

29 

34 

39 

35 

46 

35 

1 

8 

B 

5 

■ 

— 

5 

12 

8 

— 

— 

Horse se- 
rum albu- 

35 nun 


— 

10 


12 

— 

36 

— 

34, 29 

34,30 

29 

10 

8 

— 


— 


6 

min 5 to 

2 hrs 

2 

3 

— 

— 

11 


23 

— 

29 

27 

9 

12 


— 

— 

— 

— 

9 A thick 

16 hrs 


3 



8 


2 0-30 

29-27 

30 

22 


9 








S5°C and that of the air above the interphase 95°C Films tested after they 
had been kept at this temperature on the trough for 15 minutes showed no 
change in the specific properties 
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Experiments new earned out to see whether species specificity could be 
demonstrated m the rase of closely related ovalbumins Films of hen oval 
bumm (ho) and guinea hen ovalbumin (go) were tested against antisera for 
h o , denatured h o and denatured g o 

table in 

Reaction oj Immunt Sen j vAlh a Monolayer cj boll re or Denatured Eu Albumin Spread at 
pB 4 62 (Acetate Bujtrr lontc Siren tide OBJ) 

Thickness of ovalbumin layer 5 to 8 A. Figures represent thickness in A units of adsorbed 
Layer 


Film 

Sen 

Time between tnff t»t rrr txdim sad 
truster on tUdo 



1 br 

3 brs. 

6 brs- 

11 br*. 

Native egg 

Antkjvalbmrun No 39 


34 

34 

29 29 

albumin 

Antlovalbumin No 40 


34 

34 29 

37 


Antlovalbumin No 42 




22 


Antlovalbumin No 43 




36 


Anti -denatured ovalbumin No 44 

45 44 

42 


42 41 


Anta-denatured ovalbumin No 45 

46 

38 


43 


Anti-denatured ovalbumin No 46 

39 24 



40 


Anti -denatured ovalbumin No 47 

Anti horse albumin No 29 

0 

39 


43 40 


Ant>-bor»e globulin No. 31 

7 

5 


9 


Anti-horse blood No 19 




3,0 


Anti-pig blood No 48 




3 

Denatured egg 

Antlovalbumin No 42 

30 22 

28 

27 

27 22 27 

albumin 

1 Antlovalbumin No 43 


24 

25 

23 31 27 


Anti -denatured ovalbumin No 44 




35 46 


Anti-denatured ovalbumin No 45 




32 


Anti-denatured ovalbumin No 46. 




47 2 


Antl-denatured ovalbumin No 47 

36 40 



46 37 3 


Anti -denatured horse globulin No 41 - 




5 


Anti horse globulin No 31 




10 


Anti-horse albumin No 29 


12 

9 

9 10 


Anti-pig blood No 48 




5 


Anti-guinea pig blood No 34 


10 

10 

10 


The same increase was observed when an h.o antiserum was brought to 
react with a film of h o or g o Also, no difference in thickness increment 
could be detected when an h o film was tested with denatured anti h o or 
anti-go , and the same was true when ago film was tested with these last 
two antisera Dilutions up to 1/150 did not bring out any difference. 

Antisera to horse serum and human serum were tested against films of serum 
albumin from man, horse, and chicken (Table IV) It appears from the table 
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that the differences between mammalian and chicken albumins were very 
marked In the case of horse and human albumin the specificity difference 
becomes manifest when the im m une sera were used m dilution, a specific 
reaction was still noticeable with serum diluted 1 /200 or more 
Tests with films of native horse serum globulin gave results similar to those 
with the albumins, denatured globulin reacted with sera for denatured but 
considerably less with antisera to the native protein (Table V) With globulin 

TABLE IV 

Reactivity of Films of Human and Horse Serum Albumins Spread at pH 6 4 ( Veronal Buffer ) 


The time interval between spreading and transfer was 1 hour except in the hnes marked 
with the symbol * where only 10 minutes was allowed 


Antisera for 

Dilution in 1 
per cent NaCl 

Horse albumin films 

Homan albumin films 

Chicken 

albumin 

films 

Human serum 

Undiluted* 

22,28,13,13,22 

48,43,53,39,48 

7,10,10 

No 50 

Undiluted 

48,41,22,36,36 

48,34,36,33,32 


1/5 

10,14 

42,40 



1/10 

3,10 

22,28,22 



1/20 

6,13,5 

21,27,25 



1/50 

10,11,9 

36,22 



1/100 

7,9 

40,36 



1/200 

8,10,7,14 

31,28 



1/500 

14,6 

19,10 


Horse albumin 

Undiluted* 

39,34,43,36,40 

37,36,20,29,27 

3,8,7 

No 38 

Undiluted 

34,33,30,34 

29,19,31,14,32 



1/5 

30,23,40,24,27 

11,13,8 



1/10 

29,29 

9,12 



1/20 

30,27 

8,5,12 



1/50 

27,21 

13,14 



1/100 

21,31 

14,12 



1/200 

37,21,24,27,32 

3,10 



1/500 

26,29 

8,10 



films it -was observed that changes still occurred even after the thickness had 
reached its minimum value Upon ageing of the native globulin in the trough 
there was a pronounced decrease m the specific absorption of antibodies for 
natn e globulin so that after about 3 hours the specificity was abolished Simi- 
lar results were obtained when the sera for native and denatured horse globulin 
were diluted 1/10 nith saline solution The diminished activity could not be 
ascribed to contamination in view of the persistence of the activity of oval- 
bumin films Films from native or denatured globulin were not inactivated 
when tested with immune sera for denatured horse globulin, in this case specific 
adsorption still took place after 48 hours 







TABLE V 

RtadMly of Filots of Nairn or Denatured Horn Globulin Spread at pH 73 (Veronal Buffer) 
Figure* represent LhkJcneu of adsorbed layer in A unit*. 
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blood No 
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Hus inactivation of native globulin films with time was observed when the 
films were kept under zero pressure In the following experiments the in- 
fluence of pressure was examined (Table VI) The globulin was spread and 
after 2 minutes, when measurement showed that minimum thickness had been 
attained, the film was compressed to 20 dynes, it was found to be still active 
16 hours later, having been decompressed immediately before transfer But a 
16 hour old globulin film, kept active by compression, deteriorated within a 
few hours after decompression as if it had not been previously subjected to 
pressure Furthermore, compression of inactivated films did not restitute the 
activity 

TABLE VI 


Effect oj Compression on the Reactivity of Globulin Film aulh Homologous and Heterologous 

Immune Sera 

Figures are thicknesses of adsorbed protein in A 


Sera 

St* 

c -S £ 

£ E E 

5 S3 2 

— « — r* 

S t 2 min 

Compressed to 2J 
dynes for 4 lira 

Decompressed for 

1J hrs 

c 

c j 

b | 

c« t 

w j 

to t! 

2nd 

gs 

IS 

P 

3E 

S t o'* 

— to 

s is 

| E gg, 

E o g-o 

•or, U 

Antiglobulin No 

31 

31 17 14 

J 

30 27 11 1 

| 29 30 

24 14 14 

Antiglobulin No 

32 

27 — 10 

II 

31 34 10 

29 31 

27 11 17 

Anti-guinea pig No 

34 

10 7 10,11 

li 

i 9 6 7 

7 

7 



Anti-chicken No 11 

14 — 12 

— 6 8 

— 

6 

— — — 

Anti guinea pig No 
35 

Anti pig No 22 





7 12 14 

11 12 15 


* S t. signifies tune between spreading and transfer on the plate. 


In the course of the experiments the following observation a as made When 
after transfer of an antigen film to the metal slide a double layer of steanc acid-stearate 
was deposited on top of the protein, there w as the normal increase of 48 A in thickness, 
but the plate came out wet instead of drj On treatment with a homologous anti- 
serum unexpected!! a specific increase, 30 to 40 A, was observ ed , after cov enng u ith 
three double laj ers of steanc acid, instead of one as above, this effect no longer took 
place Since a reaction between antigen and antibod} , in spite of interposed laj ers, 
would seem improbable, one must consider that perhaps there v\ ere discontinuities or 
uncovered areas in the steanc acid film, or that a displacement had occurred which 
would bnng the protein film above the steanc laver Further examination of the 
phenomenon would seem desirable 

Antibody Films — Experiments on monolaj ers of antibody globulins were ear- 
ned out with type specific rabbit antibodies against pneumococci Types I and 
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HL The antibodies were purified essentially according to Heidelberger and 
Kabat (10), the resulting solutions conta inin g about 60 to 70per cent specifically 
preapitable nitrogen The tests could not be made with the technique used 
for protein antigens because, as had been already observed by Porter and Pap- 
penheimer (11), absorbed polysaccharides form only a thin layer whose thi ckness 

TABLE VH 


Reactions of Specif c Polysaccharide inlh a llmuloyCT of Pneumococcus Antibodies I and HI 
Spread at pH 7J (1 eronal Bnfer) 


Film 

Ttn* Interrml 
between 
rpreadinj; »nd 
traniicr 

Thkfcne** of adsorbed poly 
tttxhiride 

Increase In tbictntu liter 
• deorpdcc at tndbodfn 

1 

hi 

I 

in 


mfm 

K 

A 

A 

A 


15 

2 

— 

44 

— 


15 

— 

3 

— 

12 


25* | 

— 

0 

— 

15 


40 

S 

— 

45 

— 


40 

~ 

7 

— 

10 


60 

2 3 

— 

47 44 

— 

Antibodies I 8 to 

60 

— 

3 2 

— 

18 12 

12 A thick 

180 

4 4 

— 

25 19 

— 


160 

— 

2 0 

— 

13 10 


190* 

0 

— 

29 

— 


240 

2 2 

— 

15 15 « 

— 


240 

— 

0,5 

— 

19 10 


1260 

4 4 

— 

24 24 

— 


1260 

— 

5 2 

— 

25 19 


30 

— 

3 7 

— 

60 51 


30 

3 

— 

6 

— 

Antibodies HI 8 to 

120 


2 2 

— 

48 45 

12 A thick 

120 

5 2 

— 

10 6 

— 


1020 

— 

0 1 

— 

60 60 


1020 

3 2 

— 

18 17 

— 


* Polysaccharide adsorbed 1 month later 


could not be reliably measured. Therefore the antibody films, transferred to 
the slides, were treated for 2 minutes with 1/10 per cent aqueous solutions of 
one or the other polysaccharide, and afterwards the plates were covered with the 
antibody solution corresponding to the polysaccharide used. 

It is seen from Table VH that f ilms made with pneumococcus antibodies 
specifically fixed the homologous polysaccharide since the upper (antibody) 
layer was considerably thicker with the homologous combinations, which may 

1 V e are indebted to Drs A, F Coca Walther Goebel and Kenneth Goodner for 
kindly providing us with pneumococcus antisera and polysacc h a r ides. 
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be indicated by the type-symbols 1 1 1 or m III m, than with the heterologous 
combinations I III HI or HI 1 1 v, here the application of antibody produced 
only a small increase in thickness As would be ejected in the combinations 
I III I and in I IH, which are omitted from the tabulation, the third layers 
were likewise thin 

The activity of antibody I diminished gradually with the tune elapsed between 
spreading and transferring to the plates, but films of antibody m retamed their 
activity for at least 18 hours Inactivation of films of antibody I on metal 
slides was not apparent even a month after transfer 

Precipitin Reactions with Denatured Proteins — Although denaturation of 
proteins would not seem to mvolve profound chemical alteration, it has been 
established repeatedly that denaturation causes a considerable change m 
serological properties, with the result that the reaction with immune sera for 
the corresponding native protein is abolished or greatly reduced, vice versa, 
immune sera for denatured protein give weak or negative reactions with the 
native antigen It has further been reported that denaturation is accompanied 
by a diminution of species specificity or, according to several authors, destruction 
of the specific serological character of proteins Since, as mentioned, denatura- 
tion is believed to be connected with a disarrangement of the configuration 
ascribed to coiling of the peptide chains, in which respect denaturation would 
be related to the formation of films, it seemed advisable to examine the specifi- 
city, m the denatured state, of the proteins that were used for studying the 
reactions of monolayers 

Tests with rabbit immune sera for native (N) and heat-denatured (D) hen 
ovalbumin gave results essentially confirming those obtained by TenBroeck and 
Wu (12) and others, namely, that each sort of serum was almost specific for the 
corresponding antigen Sera for D ovalbumin gave at most faint traces of 
precipitation with (high concentrations) N antigen, N immune sera showed 
reactions of moderate strength with D albumin This, however, was probably 
in part at least due to some spontaneous denaturation during storage of the 
o\ albumin used for immunization because with immune sera obtained by 
injection of freshly prepared, only once recrystalhzed ovalbumin the reactions 
with D antigens were greatly diminished and occurred only in high antigen 
concentration 

Sera for N horse serum albumin gave distinct reactions with the denatured 
antigen, the amount of precipitate being 3 to 6 tunes greater n ith N than with D 
serum albumin, whether this is entirely or in part a true cross-reaction has not 
been investigated A preparation of D horse serum globulin, too, gave pre- 
cipitation of moderate strength with antisera for N horse serum globulin, and 
ov erlapping reactions occurred with anti-D globulin sera and N globulin 

The species specificity of immune sera prepared with heat-denatured hen 
ovalbumin was tested bv volumetric measurement of the precipitates formed 
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upon complete reaction with denatured ovalbumin of guinea hen and goose 
added m successive portions Seven sera for heat-denatured hen ovalbumin 
gate the average relative values hen 100, guinea hen 69, goose 36 Comparison 
with the figures found by landstemer and van der Scheer (13) for the reactions 


TABLE VTLI 
Prttipilin Tests 


Immune »cn to 

Jsatlva bee 
ovaltrarnlD 

Natirc 
inlact hen 
oral bam hi 

Denatured ben oralbnnjla 

Denatured fulae* hen 
ovalbumin 

| 


I 

$ 

? 

§ 

| 

§ 

g 

| 

§ 

1 

§ 

1 

§ 

£ 

1/10,000 

t 

§ 

S 

§ 

g 

1 

? 

§ 

Denatured hen 
ovalbumin 
Absorbed with 

















denatured 

0 

0 

0 

0 





++ 

-brfc 


ftr 

0 

0 

o 

0 

guinea hen 
ovalbumin 

0 

o- 

0 

0 





+ + ± 

H — b 


f tr 

ftr 

0 

0 

0 

Unabiorbed 

o- 

0 

0 

0 





++ 

-f-rt 

± 

0 

++ 

+± 

± 

0 

diluted 1/4 

0 

0 

a 

0 





+ +=fc 

++ 

± 

0 

++± 

++ 

X 

0 

Denatured guinea 

















hen ovalbumin 
Abiorbed with 

















denatured hen 





9 

0 

0 

0 

0 

0 

0 

0 

+ 


sb 

0 

ovalbumin 





0 

0 

0 

0 

0 

0 

0 

0 

++ 

+=fc 

± 

0 

Unabsorbed 









+± 

++ 

It 

0 

4- 

+± 

sfc 

{ tr 

diluted 1/4 









++ 

++ 

=fc 

0 

H — hdb 

++ 

X 

f tr 


The immune icra were exha uited with lolutiom of denatured hen or guinea lien ovalbumin. 
For the tests 0 2 cc. of absorbed serum wai added to 0 05 cc. of antigen dilutions expressed In 
terms of dr, weight Reading* were taken after 1 hour at room temperature (lit line) and 
after itandmg overnight in the Ice box (2nd Une) 

of native hen ovalbumin immune sera with the native proteins (hen 100, guinea 
hen 42, goose 19) indicates some decrease but certamly no abolition of species 
specificity * Similar results were obtained with ovalbumins treated with half 
concentrated hydrochloric acid for 15 minutes when tested against immune 
sera to HC1 treated hen ovalbumfn Five such sera yielded the average figures 
hen 100 guinea hen 73, goose 34 

* It should be mentioned that the antisera to denatured ovalbumin had a div- 
tinctl> lower antibody content than those produced with the native protein although 
giving quite satisfactory precipitin reactions 
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In absorption tests the preservation of specificity of denatured ovalbumin 
■was strikingly demonstrable (cf Mizokuti (14)) Such experiments are pre- 
sented in Table VlU and show that after exhaustion of a serum for D hen 
ovalbumin with D guinea hen ovalbumin it still reacted markedly with the 
former and no longer with the latter a converse experiment with serum for D 
guinea hen o\ albumin ga\e an analogous result Likewise, m specificity tests 
with sera for D horse serum globulin and denatured serum globulin of horse, 
ox, cat, and chicken pronounced species specificity of the denatured proteins 
was demonstrable 


COMMENT 

The specific absorption of antibodies by protein films indicates that structures 
other than those resulting from the folding of the molecules into compact shape 
partake in the serological reactivity of proteins This may be explained by 
assuming that the constitution of the peptide chain itself furnishes the combin- 
ing pattern Another interpretation is that advanced by Pauling (15) (cf 
Wrrnch (16)) “that the process of surface denaturation involves the unleafing 
of the layers without the loss of their structure” (so that the folding m each 
layer would be like that in the original protein) This concept of a two- 
dimensional pattern may perhaps seem to be supported by the inactivation of 
globulin monolayers upon bemg kept on the water surface On the other hand, 
ovalbumin monolayers did not degenerate under the same conditions and there 
are experiments which indicate that peptide chains as such can suffice as 
determinants for the reaction with protein antibodies Pertinent in this con- 
nection are specific inhibition reactions of dialysable split products of proteins 
(17) and the existence of antibodies to fibrous proteins, keratin (18), and 
silk (19) That after heat denaturation proteins still exhibit very definite 
species specificity, even if to a somewhat lesser degree than m the native state, 
is difficult to harmonize, without further theorizing, with the current idea that 
denaturation goes hand m hand with disruptive breaking of the bonds which 
hold the folded peptide chain in a fixed configuration, and that it is this struc- 
ture which is responsible for the specific reactions of the native protein How- 
ever, the reason for the marked difference m serological properties between 
native and denatured proteins, which bears upon this question, has not yet 
been determined with certainty 

The observations that films made from N and D ovalbumin, supposed m 
both cases to consist of denatured protem, appeared to react similarly with 
either N or D antisera, are m contrast to the results of precipitin reactions 
and therefore call for further lm estigation 

From the results with antibody films it ma\ be inferred that also the reactivity 
of antibodies does not necessarih depend upon the “globular” configuration of 
the molecule This howe\ er, does not exclude an arrangement due to “second- 
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ary” linkages, m a plane, and it is possible that antibodies exist which on account 
of a more complex structure would be inactivated by spreading It should 
further be mentioned that in experiments of Damelli, Damelli, and Marrack 
(20) antibody films were found to be inactive As suggested previously (4), if 
one may assume a great variety of structures due to folding of the peptide 
chain this would help to explain that out of the globulin of one species a vast 
number of different antibodies can be fashioned, very similar if not identical 
both in chemical composition and antigemcall> From other considerations 
the concept of coiling of peptide chains as basis of antibody structure has been 
emphasised and elaborated by Pauling (15) 

SUMMARY 

Films of several proteins, hen ovalbumin, horse and human serum albumins, 
and globulins were found to combine specifically with antibodies, showing that 
the reactions can take place independent^ of the structure which secures the 
compact shape of the protein molecule Serum globulin films differed from 
ovalbumin in that they lost their reactivity when kept on the water surface 
Species specific reactions were observed with films of serum albumin and suit 
ably diluted antisera, and likewise m the customary precipitin tests m which 
immune sera for denatured hen ovalbumin were tested against ovalbumin of 
other species Specific fixation was also observed upon exposing monolayers 
of purified antibodies for pneumococa of Types I and EH to the corresponding 
polysaccharides 
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The antigenicity of foreign protein solutions complicates their employment 
either as plasma substitutes, or as nutritive agents Recentlj interest has 
been aroused in the possibility of doing away with antigenicity , while retaining 
the great molecular weight of the protein The present paper deals with the 
effects of light energy in the reduction of the antigenicity of horse serum, thus 
rendering it tolerable to guinea pigs The problem of sensitivity as a bar to 
the intravenous injection of foreign proteins is discussed incidentally, and the 
methods currently employed to reduce antigenicity are considered 

Salter (1) first demonstrated with experimental animals the nutnent value of serum 
when given parent erallv Among the larger domestic mammalian sera he found 
normal horse serum the least hhelv to give rise to immediate symptoms or to that 
delay ed pyrexia arthropathy and exanthem which was frequent in all animals re 
celving large amounts of foreign scrum He determined that toxidty is associated 
with the globulin fraction By heating the scrum he greatly reduced both the imme 
diate and delay ed toxic effects Correlating the available evidence he stated the 
serum from any given animal is practically innocuous towards other an imal s of the 
same species. 

Rous and Wilson (2) found early m 1918 that m rabbits, homologous plasma was 
superior to both oca ax and gelatin in restoring and maintaining the circulating fluid 
volume lost m hemorrhagic shock, and therefore suggested its use m human beings 
Later in the year Mann (3) arrived at exactly the same conclusion working with 
anesthetized dogs submitted to intestinal manipulation He strongly recommended 
the use of homologous plasma and suggested its storage for emergenaes 

Rous and Wilson (2) noted further that in non-sensitive animals, foreign serum 
was fully effective in the immediate treatment of shock They followed the blood 
pressure in patients given antipneumococcus horse serum for pneumonia and recorded 
a serious fall in blood pressure on injection of 2 cc. into x sensitive man but no syrup 
toms with amounts as large as 90 cc, in a non sensitive man Thev concluded that 
only in grave emergenaes is the use of horse scrum justifiable as a p lasm a substitute 
Working on a larger scale, and with bovine in place of horse plasma, Kronen d al 
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(4) have recently repeated and confirmed these results It is interesting to note that 
m England m 1918, Ward (5) unaware of the results of Rous and Wilson, suggested 
the use of plasma for the treatment of hemorrhage, and proposed comparative studies, 
similar to those these authors had published The use of homologous plasma for the 
combat of shock has followed as a logical sequel to these early studies 

Whipple has for many years studied the metabolic effects of homologous serum 
given intravenously (6), and his findings, with their emphasis upon the importance 
of plasma proteins m cellular nutrition, in the protection of the liver, and in resistance 
to infection, supplied a sound experimental basis for contemporary clinical exploita- 
tion of the plasma fraction of blood Whipple’s group attempted to use horse plasma 
m dogs, but reported that it could not be used owing to toxic svmptoms (7) Salter 
had greater success with heated serum in rabbits, and was able to demonstrate a slight 
nitrogen spanng effect in some cases (1) Recently Wagensteen cl al (8) have shown 
that similar favorable changes m nitrogen balance can be demonstrated with bovine 
plasma when given to non-sensitive human beings, and Addis (9) has recorded similar 
results with normal horse serum when given to rats 

Much attention has been paid of late to the isolation of a non-antigemc fraction 
from the serum of the larger domesbc mammals The comprehensiv e studies of Doerr 
and Russ (10 a), Dale and Hartley (11), Hektoen and W’elker (12), and Goldsworthy 
and Rudd (13), have proved that the crystalline serum albumen fraction obtained 
from horse serum by saltmg-out methods, has an antigenic specificitv distmet from 
that of the globulins, and is less active in this respect Hooker (14), and more re- 
cently, Janewav and Beeson (15), and Taylor and Keys (16), have demonstrated 
human sensitivity to non-cry stalhne foreign albumen fractions 

It is important to determine the degree of reduction of antigenicity that is neces- 
sary' before a foreign protein solution can be safely used, without regard to the amount 
injected, or to the sensitivity of the recipient In considenng the use of foreign sera, 
it is not enough to avoid the toxic effects due to heterolysins and heteroagglutinins, 
and the discomforts of serum sickness the problems of sensitization to subsequent 
doses of the protein, and anaphi laxis in those who are already hypersensitive must 
also be considered 

W’lth regard to heterolvsins and heteroagglutinins, the figures given b\ Salter (1), 
Weiss (17), and Uhlenhuth (18) for the relative immediate toxicitv of horse and bovine 
serum hare recently been confirmed, in principle, bv Davis and Eaton (19) The 
respectn e lethal doses per kilo in the rabbit are in the proportion of 5 to 1, i c , 45 to 
9 cc per kilo Sheep serum lies in an intermediate position This ratio remains 
constant in various species, but the dosage in cubic centimeters per kilo vanes In 
man, the lethal dose of bovine plasma is probably higher Hov e\ er, Kremcn has 
shown that in spite of treatment by human red cells to adsorb hetcroagglutuuns, doses 
as low as 100 to 200 cc ga\ e frequent pyrexial reactions (3) It seems, therefore, 
that a reduction of such factors to l/10th to 1 /100th then onginal concentration is 
desirable 

Gerlough (20) has shown that serum sickness will de\ clop in a percentage of re- 
cipients, which vanes approximateh as the square root of the amount administered 
5 cc of horse serum will lead to svmptoms of serum sickness in 10 per cent of the 
recipients, whence one may conclude that if a litre of protein solution is to be gnen, 
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it ought to contain less than this amount of unchanged horse serum, or its equivalent 
in active antigeniat} 

Hooker (21) and Park (22) have shown that sensitization will follow remarkably 
small doses of antigen Thus a majority of those who had received 1 /100 cc. of horse 
scrum } ears before, were found on skin testing to react positively A protein solution 
intended for intravenous therapy in shock, or as a nutritive agent will be given m 
doses of the order of 1 litre Therefore m order to avoid any danger of sensitization 
there must be in 1 litre less t h a n the equivalent in active antigenicity of 1/100 cc. 
of normal horse scrum That is If the material is obtained from bovine plasma, then 
the antigenicity of the derivative should be less than 1 /100,000th the original The 
significance of such a figure is realized on recalling that the albumen obtained by 
fractionation is probably not less than 1 /100th as antigenic as the original serum 
(10 a) 

However, Vaughan (23) has emphasized the difficulties of sensitizing an individual 
to a protdn with which he is constantly in contact. The reason may be, as Walter 
(24) has shown, that dietary antigens are constantly absorbed unchanged into the 
blood stream and the evidence from post prandial donor transfusion reactions (23, 
25 26) suggests that the amounts thus absorbed and circulating may be quite large, 
on occasion equivalent in antigenic activity to at least 1 /10th to 1 /100th cc. of normal 
horse serum Vaughan (23) considers that the effect of this continued absorption of 
foreign protein may be, except in the case of certain allergic subjects to hyposensitixe 
the recipient to these antigens. If bovine serum is employed in place of horse serum 
(with which little contact is made) there may not be the same dangers of sensitization 
and shod, when a solution is injected which contains small traces of the original 
antigen 

Hypersensitivity in the frankly allergic may be intense. l/20th cc. of horse serum 
injected xntrademmffy in a child weighing 50 pounds has been fatal (27) While it 
is true that such reactions are rare, and that one fatality occurs to every 50 000 cases 
treated with serum (22 28) the dangers of spontaneous hypersensitivity are not to 
be underestimated For every fatal reaction there will be dozens of dangerous ones 
and many hundreds of minor disturbances which may prejudice the course of a critical 
illness. Nor can hypersensitivity be entirety avoided by anamnesis or shin testing 
Rutstein el oL (29) and Kronen el al (4) have shown that It is possible to obtain very 
serious reactions m persons who were negative on skin testing, and who gave no history 
of allergy On the other hand a litre of fluid is not often given in less than 1 hour 
and the gradual administration (30) over this period of 1/1 0th to 1 /100th cc. of normal 
horse serum or its equivalent in active antigenicity will probably not give me to any 
uncontrollable reaction m a significant percentage of recipients. 

Direction oj Approach 

If the foregoing analysis Is correct, it can be accepted that hypersensitivity is the 
greatest bar to the use of foreign sera as plasma substitutes Immediate tonaty, 
and even serum sickness may possibly be avoided by use of the albumen fraction as 
suggested by Cohn (31) Davis and Eaton (32) and Keys Taylor, and Savage (33) 
Sensitization of normal persons by small doses may perhaps be evaded if the plasma 
of a food nmmnl 15 employed Wolfe (34) Do err (10 6) and Fldsher and Jones (35), 
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have shown that the antigenicity of sheep, pig, os, and horse serum, is of much the 
same order Simon (36) has shown that sensitivity to one of these products is accom- 
panied by sensitmtv to all of them in over one-third of the positive reactors It is, 
therefore, probably not possible to find for aE those who are sensitive to one particular 
protem, another to which they will not react 

An approach to this problem would be the development of a method of removing 
protem antigenicity, without at the same time reducing molecular weight The 
immunological results of four such methods have been studied extensively Heat, 
first employed by Salter (1), and later studied by Schmidt (37) and Furth (38), will 
reduce antigenicity to roughly l/10th The use of acidification and alhahruzation, 
as studied by TenBroech (39), Landstemer (40), Wells (41), and more recently by 
Fleisher and Jones (42), and Davis and Eaton (43), will reduce antigenicity, to per- 
haps, 1/1, 000th The same is to be said of the controlled peptic hydrolysis, first 
studied by Michaehs (44), and more recently employed by Weil, Parfentjev, and 
Bowman (45), and later Pope (46), for the purification of antitoxins Fmallj , the 
yeast ferment taka diastase, used by Coghill and FeU (47), would appear to give a 
similar reduction, based on experimental and clinical study (48, 49) 

The effects of these agents upon the physical chemical characteristics of proteins 
have been studied m both the ultracentnfuge (50, 51) and the Tisehus apparatus 
(52-54) All give nse to increased dispersion, suggesting marked variations in 
molecular size, and also, probably m molecular length (75) Under their influence 
there is an increase of the beta globulin peak, at the expense of the other protem frac- 
tions Similarly, the immunological changes show, in common, a deviation m speci- 
ficity accompanying the reduction m antigenic activity of the treated product, with 
the possible exception of peptic digestion Smce there is usually left in such sera, 
a certain percentage of unchanged protem, a quantitative description of the activity 
of the mixture involves two estimates The order of magnitude of the activity per 
cubic centimeter of the new speafiatv must be stated m terms of some convenient 
unit, e g , normal horse serum Further, the residual content per cubic centimeter of 
material having the same activity as the normal unchanged protein must be deter- 
mined 

It is possible to measure these changes by three methods First, by use of quanti- 
tati\ e anaphylactic studies of the guinea pig tit vivo, patterned on those emploj ed by 
Doerr and Russ (10 a) and by Wells (55), in their original studies They based their 
estimates on the constancj of the minimal sensitizing dose of horse scrum given sub- 
cutaneous!} to a young guinea pig, i c 1/100,000 cc The minimal shocking dose 
the) found to be 1/100 cc The incubation period, Doerr (10 a) has shown, depends 
on the dosage of antigen emplo\ ed That is, large doses of antigens of low actmt} , 
such as albumen, will gi\ e rapid sensitization, while small doses of active antigens 
will require up to 30 dais The minimum sensitizing dose mentioned refers to in- 
cubation periods of 2 to 3 weeks Longer time intervals may decrease the dose 
required still further An tn vitro modification of this technique supplies a second 
and more sensitn e method 

Dale (56) has shown that the isolated uterine horn is also capable of a quantitative 
response, and that if full} sensitized, it will respond to normal horse serum in concen- 
trations of 1/10,000 to 1/100,000 cc serum per cc bath fluid The activity of a 
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solution containing either an unknown quantity of normal horse serum or an antigen 
of unknown activity, can then be titrated bv determining the minimal sensitizing 
and shocking doses of the material. 

A further method 15 the injection of equal amounts of materials of known and 
unknown antigenidtv Into two senes of rabbits and the titration to optimal propor 
tions of the resultant predpitins The general Jaw governing the preapitins de- 
veloped may be assumed to follow the pattern of that for serum sickness, and to vary 
as the square root of the antigen dosage. However, this is an assumption, and m 
dividual differences between animals arc ver) marked For these reasons it is not 
possible to correlate the results of this technique closely with those of the guinea pig 
studies. By using these three separate methods and by applying them at vanous 
stages of any process employed to reduce antigenicity, a reasonable degree of convic 
tion might be attained Accuracy would be further increased by using large numbers 
of animals to smooth out individual variations The quantitative aspects of the 
following studies were based on this assumption 

While the results arc considered accurate to Jess than one decimal place, the actual 
reduction required in order to render a foreign serum innocuous is from at least four 
to six such orders of magnitude. It is as important to give estimates of the reduction 
attained by an) method of despeaation as it is to have a dear conception of the order 
of reduction required in the first place. Therefore emphasis has been placed through 
out upon the quantitative aspect of the findings. 

Methods and Materials 

Study of the various denaturing agents available led to the choice of light encrg> 

It offered many practical advantages notably simplicity, sterility possibility of 
operation at low temperatures, and of ready expansion to large scale production In 
addition certain theoretical considerations, to be outlined later, influenced the 
decision 

It has long been noted (57 58) that ultraviolet light reduces the activity of protein 
antigens, m the sense that irradiated sera react poor!) with antisera to normal serum 
However, no studies had been made to determine whether the changes involve merely 
a deviation m specific! tv or whether in addition a reduction m antigenic activity 
occurs In 1935 Kallos (59) in Upsala, suggested that ultraviolet light might be 
employed to remove the serum sickness factor from therapeutic sera. Following up 
this suggestion, Stecher (60) and his coworkers studied the active antigematy of 
irradiated serum and found that although specificity had been deviated antigematy 
was if anything, enhanced. They (61) warned against the casual adoption of Kallos 
suggestion 

The use of vmble light with a photosensitizer has also long been known to produce 
changes In antigemdty but simflarl) the active antigematy of these products have 
never been studied (62) In the course of his work on photo-oxidation, Smetana at 
Colombia, in 1938 (63) obtained evidence suggesting that photo-oxidised proteins 
were no longer antigenic, and in 1941 he confirmed the point (64) His statement that 
‘photo-oxidation docs not produce a different antigen but destroys the antigematy 
of the protein,” contrasts sharply with Stecher’s observations. This di a me trical 
opposition resulting from the use of two methods so closely allied can be resolved if 
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it is noted that Stecher irradiated whole serum incompletely , allowmg it to stand 
under a lamp for a few hours only Smetana used pure ovalbumen with a photosensi- 
tizer in high concentration m a modified Warburg apparatus The protein solution 
was thoroughly agitated for 4 days, and tests for antigemcitv undertaken only when 
photo -oxidation appeared complete Analysis suggests that his tests would not have 
detected a reduction in antigenicity below 1 /100th the original It may be that the 
the sequence of events is the same as for other methods, such as alkali treatment 
That is, while partial irradiation deviated specificity, prolonged irradiation reduced 
the activity of this new antigen to a point where Smetana’s contention that it was 
virtually destroyed, was m essence correct It was decided to attempt to reconcile 
these two points of view and to explore further the possibilities raised by Kallos of 
using irradiation as a practical method of reducing the antigenicity of foreign sera 

Methods of Irradiation 

The low pressure mercury arcs recently developed for germicidal purposes (65) and 
now commercially available, were employed as a source of ultraviolet light They 



Fig 1 Light bank and tank for irradiation R, reflector, T, tank, G, glass rod, 
L, lamps, P, pivot 


are efficient, economical, and cool, running at 40°C Designed to give a maximum out- 
put at the wave length desired, their radiation is as nearly monochromatic as is 
possible without the use of complex apparatus That is, about 90 per cent of their 
energy is in the 2537 A line (65) B\ using an alummum reflector, together with five 
15 watt General Electric Company 1 lamps, arranged m a “v” bank (Fig 1), an in- 
tensity of about 600 microwatts per cm " of energy in the desired 2537A line could be 
apphed to the serum to be irradiated The intensity of irradiation was measured by 
a standard selenium iron photoelectric photometer to which was attached a zinc 
silicate fluorescent screen By this means the approximate constancy of output 
throughout the course of the experiments was established 

Visible light was obtained from three blue, and two green, fluorescent tubular 
lamps Their design was the same as that of the ultraviolet lamps, except that to 
increase the wav c length of the light to the visible range, the inside of the tube was 


1 1 am indebted to the General Electric Company of Canada for supplying me with 
data on the output of the lamps cmplov ed 
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coated with various fluorescent salts, such as nnc silicate (66) Their energy output 
and spectral distribution acre approximately known from published data. Their 
actual output when m the bank was measured with a calibrated photometer and found 
to be 700 foot candles. The scrum was placed in an enamel tray of dimensions 18 X 
4X2 inches, under the lamps The tra\ itself fitted into a tank which contained a 
refrigerating coil which provided a means of temperature control The tank was 
mounted on pivots and connected bj a rod to an eccentric which was driven at some 
60 to 100 revolutions per minute bv an clectnc motor The speed of the motor was 
controlled by a senes resistance Within the trav was placed a mercury loaded scaled 
glass tube which moved from side to side as the tray was tilted B> adjusting the 
speed of the motor and the diameter and loading of the tube, agitation could be made 
very complete without the development of frothing The temperature of the irra 
dinted solution did not rise above 25 C. Refrigeration was not employed The 
sterility of solutions was assured b> autoclaving or Seitz filtering all materials using 
precautions for asepsis throughout, and by the germiadal effect of the irradiation 
itself Since there was some evaporation sterile distilled water was added by a 
burette connected by a rubber tube to a fine capillary Bacteriological tests were 
kindly performed on a sample of irradiated scrum by Professor Frederick Smith of the 
Department of Bacteriology of McGill Umversit> and the scrum was found to be 
sterile. 

The Serum and Seniihur — Sterile normal horse serum was obtmned through the 
courtesy of the Parke Davis Compan> of Detroit The asepsis emploved permitted 
the omission of preservatives. It was considered important to employ normal horse 
serum since Doer? (67) has shown that the antigenicity of a serum may increase ten 
fold daring the Induction of the bypcrglobuhnaemia of immunity Before subjection 
to irradiation the scrum was dilated 1 1 with either 0.85 per cent saline, or with 
it/15 phosphate buffer at pH 7 150 cc. of the solution were placed in the large tra> 

or 50 cc. in a smaller tra> ,8x3X1 inch thus giving a layer onl> 3 to 4 mm deep 
As a photosensitizer, hematoporpbyrin a product of the Nordmark Chemical Com 
pan> was employed in a 0.2 per cent solution m u/15 phosphate buffer It was 
sterilized by Seitx filtration 

The Progress of Irradiation — The degree to which the preapitin reaction to anti 
normal horse scrum had decreased was chosen as an index of the progress or irradia 
tfon In order to follow this reduction to the furthest extent possible a high titre 
antiserum was obtained bv giving a prolonged course of immunization to rabbits 
This was then titrated against specimens of irradiated sera taken as various time 
intervals On some occasions the proportions were held constant at 1 400 on others 
titration was to op tim al proportions The amounts used were 1/10 cc. of antiserum 
to 2 cc. of antigen dilution The containing tubes were shaken stood for 18 hours at 
room temperature and the resultant turbidity read in a slightly modified Libby 
photronreflectometer (68) Thus a quantitative measure could be obtained of de- 
grees of antigen antibody combination so slight that a turbidity was hardly visible 
and the ring precipitating test indefinite. Calibration with barium sulfate showed 
that in the region of the opacities employed the galvanometer readings were directly 
proportional to the amount of material in suspension. Over the range employed 
the galvanometer readings were thus proportional to the amount of insoluble antigen 
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antibody complex formed A method sensitive to faint turbiditv was considered 
especially desirable under the circumstances of this study , since the aim was to deter- 
mine the point at which no further reactions occurred Observations vv ere controlled 
throughout, either by repetition of results with an antiserum of loner titre, or by 
running parallel estimates, substituting saline for irradiated serum, and normal 
rabbit serum for immune anti serum 

The precipitins which developed in a senes of tv. el\ e rabbits receiving vanous sera 
were also follow cd Each was given 20 mg , cither of normal horse serum, or of 
irradiated protein, eight times, at 4 day intervals, three times intravenously and five 
times mtrapentoneally-, and bled, when fasting, 6 days later These antisera were 
not pooled, but titrated separately to optimal proportions, and the ensuing opacities 
read w ith the photometer In some cases a control serum was taken before the course 
began, in order to demonstrate by direct comparison, any- minimal development of 
precipitin that might have occurred 

To study the changes in antigenicity resulting from irradiation, 180 to 250 gm 
guinea pigs were sensitized by intrapcntoneal injection of 1 mg of protein material, 
some once, and some three times at 3 day intervals Young, healthy' animals of the 
same breed were used throughout the studies in order to obtain constancy of reaction 
and high sensitivity The diet was kept constant and was of adequate vitamin C 
content. They were tested at intervals varying from 2 to 4 weeks by intravenous 
injections and observed for symptoms The intravenous injections were usually- 
made into the saphenous vein In a fen cases the ear, jugular, or cardiac route was 
employed Immediately after injection the animal was liberated, his behavior 
noted, and his rectal temperature followed as an index of the seventy of a reaction 
(10c) Autopsy was always earned out, and any cases receiving cardiac puncture 
observed for hemopencardium 

The Dale utenne horn technique was earned out in a smaller muscle bath than 
usual, t e , 2 cc The calcium content of the Dale’s solution was reduced to one half 
m accordance with Dale’s onginal observation (56) that spontaneous contractions 
were thereby reduced Increasing concentrations of the test antigen were added, and 
the bath emptied and refilled between each addition until full anaphylaxis had oc- 
curred The completeness of the reaction was confirmed by failure to respond to a 
second dose in spite of a full response to a standard dose of 0 5 gamma histamine per 
cc This constant dose of histamine also served as a standard by which the re- 
sponses of two differing uten could be compared 

In order to study roughly the chemical changes developed, the xanthoproteic 
billion’s, and Hopkms-Cole color reactions (69) were applied to the sera and to ther 
dialv sates The effects of the vanous standard protein preapitants were noted, the 
pH changes observ ed roughly with mtrazine paper, and the histamine content esti- 
mated by the method of Barsoum and Gaddum (70) The total nitrogen, and also 
the nitrogen not precipitable by phosphotungstic acid was estimated by the micro 
Kjcldahl technique 

results 

Irradiation -unlit Visible Light —The effects, under varying conditions, of a 
senes of irradiations with visible light were followed by use of the precipitin 
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reaction at constant proportions Fig 2 shows the results when diluted horse 
serum was irradiated with blue green light of 600 foot candles both with and 
without hema to porphyrin Curve 1 shows how slight are the changes to be 
obtained with the use of hght alone, and curve 2 the effects of prolonged 
agitation in the dark To do this, 5 cc of serum were placed in a 4 X 1 inch 
vial and rolled in the tray for 72 hours In curve 3 is seen the powerful effect 



Fig 2 Titration with 0 1 cc, of antiserum at constant proportions of 2 cc. of 
1 400 d flu Uon of irradiated sera Curve 1 600 foot candles, blue green light without 
senntuer Curve 2 agitation in the dark. Curve 3 600 foot candles blue green 
light and 2 mg of hematoporphynn per 100 cc A further 4 rag added at 72 hours. 
Curve 4 same light but 20 mg hematoporphynn added per 100 cc and a further 
20 mg added at 32 hours. Curve 5 same light but 4 mg hematoporphynn added 
every 6 hours for 24 hours 

of the addition of 2 rag of hematoporphynn per 100 cc. and the additional 
effect when at 72 hours 2 more mg were added Curve 4 demonstrates the 
effects with ten times the amount of hematoporphynn. In this case the 
second dose was added at 32 hours. Curve 5 demonstrates that the addition 
of 16 mg of hematoporphynn m four 6 hourly doses, has, if anything, a slightly 
greater effect than the larger smgle initial dose of 20 mg 

Since curve 4 showed the closest approach to extraction of the precipitin 
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TABLE I 


Anaphylaxis of Guinea Ptg to Serum A 


Sensitizing dose 

Etspsed 

time 

from last 
injection 

Shotting dose 

Result 

Comment 

NHS, 0 1 cc. given 3 times at 

3 daj intervals 

days 

21 

Serum A 2 cc 

| 

- 

2 guinea pigs 
injected 

Serum A, 0 2 cc given 3 times 

21 

NHS 2 cc 

NHS 1 cc 

++++ 

+++ 

1 pig injected 

1 (( (( 

Serum A, 0.2 cc given once 

27 

li 

i 

Serum A 

0.2 cc 

2 cc 

++++ 

++++ 

^ tt tt 

y it tt 


NHS indicates normal horse serum 

Death, +H — f- + , severe anaphj Ians, H — h+, dubious symptoms, ±, unaffected, — 


TABLE II 


Minimal Lethal Shocking Dose of Horse Serum for Sensitized Guinea Pigs 


Sensitizing dose 

Elapsed 
time from 
last 

injection 

Shocking dose 

Result 

^ 

Comment 

NHS, 0 1 cc given 3 times 

days 

28 

NHS 1 5 cc 

++++ 

3 pigs injected 

at 3 day intervals 


“ 0 2cc. 

++++ 

3 " 

(f it 

28 

“ 0 02 cc 

“ 0 05 cc. 

! 

i 

“ 0 01 cc 

++++ 

++++ 

4 — h 

1 pig injected 

j it it 

(Autopsy confirma- 
tory on all 8 pigs) 

1 pig Temperature 

tt tt 

2S 

tt It 

+++ 

constant 

1 pig Temperature 

tl tt 

28 

“ 0 005 cc 

+++ 

10 1-96 °F 

1 Pig 

ft tt 

28 

" 0 002 cc. 

+ 

2 pigs Temperature 

NHS, 0 1 cc guen once 

' 

22 

“ 1 Occ 

++++ 

constant 

1 Pig 


“ 0 5 cc 
“ 0 1 cc 

“ 0 01 cc 

II 

++++ 

++++ 

++++ 

2 pigs 

3 “ 

2 “ 

(Autopsy confirma- 
tory on all 8 pigs) 
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reaction, the irradiated material, which may be termed serum A, was employed 
to sensitize six guinea pigs In Table I it is seen that 2 cc of the 1 1 dilution 
with normal salme, containing 10 mg of irradiated protein, faded to cause 
anaph) laxfe in an an im al fully sensitized to normal horse serum Specificity 
has thus been deviated That animals sensitized with serum A react to nor 
mal horse serum/ would seem to confirm the results of the precipitin test, 
and show that sufficient unchanged horse serum antigens remain in the 3 mg 
of serum A to sensitize to horse serum The reaction of serum A sensitized 
animals when given serum A, proves that not only is specificity deviated, but 
the material is strongly antigenic. 

In Table^n are presented the control data obtained with guinea pigs sen 
sitized with the same batch of normal serum These animals developed fatal 



Flo 3 Dale test with a guinea pig uterus sensitized to normal serum. The animal 
sensitized with 3 injections of 1/100 000 cc. of normal horse serum at 3 day intervals 
and tests made 30 days after the last injection. 

shock with a m>nimni dose in the region of 1/100 cc., and symptoms with about 
1/500 cc Thus, the sensitivity of the animals was the some as those studied 
by Doerr ( 10 a) and by Wells (55) The minimum sensitizing dose Is the same 
as that found by these authors, * c , approximately 1/100,000 cc., as may be 
seen m the accompanying uterine tracing In the case of Fig 3 the animal 
received a sensitizing dose of three injections of 1/100,000 cc. of normal horse 
serum 4 weeks before testing 

Rough quantitative estimates of these changes can therefore be made 
Since 1/500 cc of normal serum will usually cause symptoms in a normal serum 
sensitive animal, the now altered proteins m 2 cc. of serum A were equivalent 
m antigenic activity to less than 1/100 cc. of the original unchanged horse 
ser um per cc The fact that 1/5 cc. of serum A killed serum A sensitized pigs 
suggests that the fresh antigenicity of serum A was at least l/20th that of 
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normal horse serum, if the minimum lethal dose of normal horse serum is 
accepted as 1/100 cc 

Irradiation with Ultraviolet Light — Diluted sera were irradiated with ap- 
proximately 400 microwatts per cm 2 of 2537A light from three 15 watt lamps 
Fig 4 shows the results of the study of the precipitin reaction at constant 
proportions Curve 1 was determined for serum with 20 mg of hematoporphy- 
rrn added, that had been irradiated with onlyjthe visible and long ultraviolet 



Fig 4 Effects of ultraviolet light with and without sensitizer Titration of 0 1 
cc high titre rabbit antiserum with 2 cc of 1 400 dilutions of irradiated sera Curv c 
1, visible bght output onlv of ultraviolet lamps serum sensitized w ith 20 mg hernato- 
porphynn per 100 cc Curve 2, 400 microwatts per cm 2 2537 A ultraviolet (scrum 
B) Curve 3, 400 microwatts per cm 2 ultraviolet with 20 mg hematoporphynn 
per 100 cc 

output of these lamps, the short ultraviolet being cut off by a plate glass 
filter There is as marked a reduction in precipitin reaction in 72 hours as is 
obtained with the whole output in 14 hours This shows that the light from 
the lamps is by no means all confined to the 2537 A bne Curv e 2 is for ultra- 
violet light alone without a sensitizer, and curv e 3, that for ultrav iolet light 
with 20 mg of hematoporphynn per 100 cc Curve 3 suggests a slightly in- 
creased effect as the result of this addition 
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To determine more accurately the changes occurring, a Beries of curves were 
derived from titration to optimal proportions of sera irradiated with 600 micro- 
watts per cm 5 of ultraviolet light for varying periods Fig 5 shows the pro- 
gressive changes m precipitin reaction up to 96 hours irradiation. This curse 
was denied from serum that had been irradiated for 96 hours with an initial 
addition of 20 mg of hematoporphynn per 100 cc The parts of the 48, 72, 
and 96 hour curves in antigen concentration above 1/128 were corrected for 



Fig S Effects of irradiation of horse serum antigens with ultraviolet light Tltra 
tion to optimal proportions of 0 1 cc, horse antiserum with venous dilutions of horse 
serum. Start before irradiation 8 hours, after 8 hours 600 microwatts per cm 5 
light of 2537 A 26 hours after 26 hours of same irradiation. 48 hours, after 48 
hours 72 hours alter 72 hours 96 hours after 96 hours of 600 microwatts per 
cm 1 of ultraviolet light ot 2537 A with addition of 20 mg of hematoporphynn per 
100 cc. 

the opalescence that develops In the more irradiated sera. This was accom 
plished by reference to the control titrations with normal rabbit serum which 
were set up in parallel with every titration agafnst the anti horse immune rabbit 
serum 

The physical characteristics of the serum which had been irradiated for 
72 hours with 600 microwatts per cm * of ultraviolet light without photo- 
sensitizer, and which may be termed serum B, were as follows It was of the 
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same color, but bad become shghtly opalescent There was a very faint odor 
of burnt protein The protein precipitants, e g , trichloracetic acid, phos- 
photungstic acid, and salts of the heavy metals, produced voluminous pre- 
cipitates Unlike normal serum, the addition of 0 2 cc normal acetic acid in 
equal volume caused a heavy precipitation, but on the other hand, boiling 
failed to cause any turbidity or precipitation Dialysis through No 450 
cellophane against normal sakne gave a dialysate which became turbid on 


TABLE m 

Anaphylaxis of Guinea Pig to Serum B 


Sensitising dose 

Elapsed 
time from 
last 

Injection 

Shocking dose 

Remit 

Comment 

Serum B, 0 2 cc given 3 times 

days 

22 

Serum B 2 cc 

4 — 1 — ! — b 

1 pig Autopsy 

at 3 day intervals 

(1 II 

22 

0 7cc 

+ + + 

confirmatory 

1 ptg Temperature 

It « 

22 

0 2cc I 

+ + + 

100~96°F 

1 pig Temperature 

tf It 

22 

i NHS 2 cc 

+ + + + 

101+9°F 

1 pig Autopsy con- 

(1 It 

1 

22 

“ 0 4 cc 

+ + + + 

firmatory 

1 pig Autopsy con- 

II II 

22 

Serum B 2 cc 

+ + + + 

firmator} 

1 pig Autopsy con 

tl it 

1 22 

" “ 2 cc 

+ 

firmatory 

1 pig Temperature 

Serum B, 0 2 cc given once 

22 

“ “ 2 cc 

' 

! + 

constant 

I pig Temperature 

It « 

22 

a « i r ~ 

1 5 cc 


constant 

3 guinea pigs 

« II 

22 

NHS 1 cc 

+ 

2 ** «* 

NES, 0 1 cc gnen 3 times 

1 22 

Serum B 2 cc 

~ 

2 “ “ 

NHS, 0 1 cc. g\en once 

22 

“ " 2 cc 

— 

3 “ “ 


" “ 5 cc 

— 

1 “ Pig 


Death, ++++, seiere anaphylaxis, +4-4-, definite, + , dubious, ±, unaffected, — 


adding tannic acid or heavy metals The color tests for the benzene nng 
and for tyrosine were as strongly positive for the irradiated prdtein as for 
normal serum That for tryptophane however was only doubtfully present 
Intermediate stages m irradiation showed diminishing amounts of tryptophane 
None of the tyrosine present in the dialysate was free, it was all incorporated 
in that material in the dial} sate which was precipitable by tannic acid or by 
heavy metals To control the possibility of adsorption, free tyrosine was 
added to the dial} sate and was readily detectable 
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Teats at intervals with mtrazme paper showed that unless the serum was 
buffered, the pH fell progressively during irradiation, from 7 0 to 4.5 at 72 
hours The histamine content increased from the normal value of 0 004 
gamma per cc. onl} to 0 0080 gamma per cc The total nitrogen content of 
the original serum was 11 7 mg per 100 cc., and of this, 0 7 mg was not p re- 
ap] table by pbosphotungstic acid After irradiation, this fraction rose to 2 1 
mg per cc., showing that 1 4 mg of the original 11 7 mg , or about 10 per cent, 
had been reduced to a form not preapitable by phosphotungstic acid 
In Table HI are seen the summarized results of studies with serum B upon 
the guinea pig m xnvo Animals sensitized to normal horse serum do not react 
to serum B in amounts up to 5 cc. A single injection of 0 2 cc. of serum B 



Normal Swum Smm S 


Hni. 

Flo 6 Dale test with control non-sensitized guinea pigs. 

does not sensitize, either to normal serum, or to serum B On the other hand, 
three injections of 0.2 cc. sensitize both to normal serum and to serum B, 
and fatal shock was obtained with the latter with a dose of 2 cc., but not with 
a dose of 0 7 cc. 

These results suggest that the proteins in 1 cc. of serum B are equivalent 
in antigenL activity to less than 1/5,000 cc of normal horse serum, for serum 
B fad* to shock normal serum sensitized animals, and 0.2 cc. fails to sensitize 
to normal horse serum (the minimal sensitizing dose of normal serum is of the 
order of 0 00001 cc } Since it requires more t h a n 1 cc of serum B to shock 
fatally, serum B sensitized animals, the actual powers of shocking, haptemc 
powers of serum B are approximately 1/100 th those of normal horse serum 
(Table HE) The active antigenic powers of serum B may tie even less than 
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this, since one dose, 1,000 fold the sensitizing dose of normal horse serum fails 
to sensitize to serum B 

In the Dale test, the non-sensitized uterus did not respond to concentrations 
of normal serum and of serum B up to 1 100 in the bath (Fig 6) The normal 
serum sensitive uterus reacted to 1 100,000 of normal serum, but 10,000 times 



Fig 7 Dale test with guinea pigs sensitized to normal serum Sensitized with 
three injections of 1/10 cc normal horse serum at 3 day intervals, and tested 3 weeks 
after the last injection 



Tig S Dale test with guinea pigs sensitized with scrum B 200 gm pigs given 
1 0 mg protein intrapentonealh three times, at 3 daj intervals, and tested 3 weeks 
after the last injection 

this concentration of Serum B failed to elicit a response (Fig 7) In contrast, 
a three times serum B sensitized guinea pig uterus did not react to serum B 
until a concentration between 1 100 and 1 10 was reached (Fig S) These 
tracings, confirmed by three others not illustrated, support preceding approxi- 
mations that the antigenic activity of serum B was reduced to 1 10,000 m 
terms of normal horse serum, and that the new active antigenicity of deviated 



J P HENRY 


467 


spcafidty of tins serum is of the order of 1/1, 000th that of normal horse 
serum 

Fig 9 represents the average of the values of the individual titration of the 
four antisera to normal serum obtained after giving the standard course to 


aool 


G»hr*fT*T»ttr 

RfuJrng* 


O 

o -°*dT o ° °~ ° o-o __ 


ib xb ifo 23^0 reins oi 

Ant norm*! if urn t4 tw Nomvii Strum a Krt ton* 

Fia 9 Antiserum to normal serum Grdes control titration of normal rabbit 
scrum with normal horse scrum Dots rabbit antisera to normal horse serum, 
titrated to optimal proportions with normal horse serum 



Fig 10 Antisera to serum B Circles, control titration with normal rabbit scrum 
Dots rabbit antisera to serum B titrated to optimal proportions 0 1 cc. with 2 cc, 
of varying dilutions of serum B (Average of five curves ) 

four control rabbits. The contrast with Fig 10 is sharp Here the averaged 
results of equivalent courses of serum B given five rabbits are shown On 
averaging the titrations of the five antisera to serum B with normal serum, 
there was no detectable reaction, showing that any antibodies developed are 


TABLE IV 


Anaphylaxis of Guinea Pig to Serum C 



Normal Srrum 


M os 

Fig II 



Figs 11 and 12 Dale test with guinea pigs sensitized with serum C 200 gm 
guinea pigs gi\ en 1 0 mg protein lntrapentoneallj three times at 3 da> intervals, and 
tested 4 weeks after the last injection 
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to the altered antigens in serum B, and that if any minute quantities of normal 
scrum antigens do remain, the) have given rise to no observable antibod) 
concentration 

To find whether these results could be confirmed, serum was irradiated for 
96 hours with 600 microwatts of ultraviolet light m the 2537 A region. It was 
buffered with u/15 phosphate to pH 7 and treated with 20 mg of hematopor 
phynn per 100 cc In this product the test for tryptophane was negative. It 
was expected that the antigenic activity of this serum, termed serum C, would 
be even lower than that of serum B Table IV shows that in spite of three 



MflV 

Flo 13 Dale test with serum C upon the normal guinea pig uterus 


mtraperltoueal injections of l mg of protein, and an incubation period of 3 to 
4 weeks, a shocking dose of up to 4 cc of serum C failed to elicit symptoms. 
Nor were these animals affected by what would be m those sensitised to normal 
horse serum, two hundred times the minimal lethal dose of normal serum 
The implication following the reasoning already employed is that the active 
antigenicity of serum C is of the order of 1/10, 000th that of normal serum, and 
that the residual content of antigens having the specificity of normal horse 
serum may be as low as the equivalent of l/100th cc. of horse serum per litre 
The uterine strip which is more sensitive than the tests i » tew confirms these 
results. Animals sensitised with three injections of 0 1 cc. of serum C reacted 
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after an incubation period of 1 month, v ery incompletely to doses one hundred 
times the full shocking value (Fig 11) This suggests that m the three doses 
of l/10th cc , there was less than the antigenic equivalent of 1/100,000 cc of 
normal serum (Fig 12), and demonstrates that m serum C sensitized uten, 
a reaction occurs only at high concentrations of serum C Since it can be 
repeated, and smce it also occurs in the non-sensitized uterus, (Fig 13) it is 
not anaphylactic, but may be due to the effect of break-down products On 
titrating three antisera to serum C and averaging the results, a slight but 
definite reaction was observed when the graph was compared with the average 

TABLE V 


Effects of Irradiation upon the Antigenicity of Normal Horse Scrum 



formal scram 

Scrum A 

Scrum B 

Scrum C 

Treatment 

— 

600 ft candles 

600 micro- 

600 micro- 



blue green 72 

watts per cm 5 

watts per cm s 



hrs with 20 

2537 A 72 

2537 A 96 



mg Hp per 

hrs 

hrs with 20 



100 cc 


mg Hp per 





100 cc 

pH 

7 0 


4 5 


Tjrosme 

++++ 


++++ 


Trvptophane 

++++ 


zh 


Histamine 

0 004 gam- 


0 008 gamma 



ma per cc 


per cc 


Approximate active anti- 





genicit) 

i 

1 

i 

1 



20 

1,000-5,000 

5-20,000 

Residual unchanged horse 





serum antigenic equiva- 





lents, cc fee 

i 

1 

1 

1 



1,000 cc 

10,000 cc 

100,000 cc 


Hp, hematoporphvnn 


of the control titrations of serum C, with the sera taken before the immunising 
courses were started As in the case of serum B, no antibody to normal horse 
serum was detected m the antisera to serum C The reactions in all but one 
of these cases were so indefinite that they could be detected only with the 
photometer 

A summai} of the more significant findings appears in Table V The num- 
bers of animals used, the vanet} of the techniques, and the controls employed 
throughout, serve to counterbalance the inaccuracies of the methods, and 
random errors of individual variations Therefore, approximate values have 
been affixed for the order of magnitude of the antigemcitj of the materials 
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studied, for -without such an estimate it is not possible to assess their activity 
relative to each other, and to those materials, such as horse serum, whose 
effect upon human beings is now well known. 

discussion 

The masterl) studies of Rideal and Mitchell (71 a) upon the photochemistry of the 
peptide link have shown that in surface films the chief effect of light of energy content 
from 3000 A to 2600 A is to rupture those links in the polypeptide chain imm ediate!) 
ad>acent to the aromatic residue The photochemical threshold for this process lies 
at 3000 A and is also the threshold for absorption by the aromatic nucleus (71 b) 
The ben ten e nng will not resonate to incident photons of a longer wave length The 
energy of combination of the CO — Nil link, is approximate!) one-fifth that of a 
photon of threshold wave length If a means of transmitting the energy of photons 
of longer wave length were available it would still be sufficient to rupture the peptide 
links. Photosensitizing dyes probably supply structures which, resonating to these 
longer wave lengths perform this transmission of energy (72, 73) 

Sanigar Krejd, and Kraemer (74) studying the effects of ultraviolet light upon 
human serum albumen have obtained evidence suggesting the splitting off of low 
molecular weight fractions of high aromatic ammo aad content At the same time, 
their ultra -centrifugal studies suggest that the majority of the protein Increases in 
size as a result of aggregation. The average resulting molecular weight the) estimate 
as between two to three times the original the protein is highly polydispeise, with 
probable marked variations in molecular length (75) as well as in weight These 
findings have been confirmed b> Svedberg and Brohult (76) Bemhart (77) using 
dialysis and nitrogen estimates as a gauge of molecular weight changes has found 
marked increases in the dialysable low molecular weight fractions following pro- 
longed ultraviolet irradiation 

The physical chemical findings after irradiation with visible light and a photo- 
sensitizer arc similar to those with ultraviolet light. Smetana and Shemm (64) have 
observed aggregation and polydispersion in studies with the ultra centrifuge Hams 
(78) Lieben (79) and Carter (80) have shown that the aromatic nucleus In the pro- 
tein is selectively affected and Lieben (79) has demonstrated a selective loss in trypto- 
phane and tyrosine. Recently Smetana (64) has confirmed this loss of tryptophane, 
but not that of tyrosine. During photolysis both by ultraviolet and by visible light, 
there is oxidation of sulfhydryl groups (81) 

The findings with serum B and serum C showed a destruction of tryptophane and 
dialysable fractions containing aromatic nmino adds were also demonstrable The 
opalescence obtained suggests the presence of some aggregates of very high molecular 
weight Possibly this Is to be anticipated in view of the marked polydispersion 

The effects of ultraviolet and of visible light upon proteins arc of interest, 
for here is an agency which strikes directly at the aromatic rings. The greater 
susceptibility to light of antibodies, as compared with antigens, may be, because 
in order to function as an antibody, a protein must preserve exactly that 
pattern which enables it to fit, or neutralize, an antigen. On the other hand, 
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an antibody so denatured that it is stretched out (82 a, b) and otherwise mod- 
ified so that it could not possibly function as an antibody, may still be highly 
antigemc, albeit with a deviated specificity There are over seventy tyrosine 
radicles in a globuhn molecule (83), arranged, according to Bergmann’s hy- 
pothesis (84), m repeating sequence If hght energy disrupts the linkages 
holding these mto the peptide backbone, varying stages of photolysis may be 
expected to give varying degrees of disorganization of the original pattern 
The changes would not necessarily involve either liberation of the aromatic 
residue by the unlikely event of rupture of the link on each side, or a total 
photolytic destruction of the residue itself Landsteiner (85) has emphasized 
that alkali-treated protein of reduced antigenicity could be made more anti- 
gemc by nitration of the aromatic residues Since the addition of groups to 
the aromatic residues restores antigenicity, it is not unreasonable to venture 
that distortion from their normal relations may lead to a great diminution 
m antigenicity (86, 87) 

The evidence presented has shown that under the conditions used, the 
photo-oxidation of serum with visible hght will lead to a deviation in speci- 
ficity, but to little diminution m antigenicity Smetana has noted only a 
loss of antigenicity, however he was using pure ovalbumen and only studied 
the final stages of photo-oxidation His evidence does not preclude a deviation 
in specificity during the course of the process 

The results with ultraviolet hght point to a very marked diminution in the 
original horse serum active antigenicity The group of cun es m Fig 5 are 
of interest m this respect The early stages which show a progressiv e diminu- 
tion in antigemc activity may be explained as associated with a shift in the 
constitution of the antigen-antibody complexes from the usual preponderance 
of antibody to one of antigen (88) It is interesting that after 8 hours there 
is a persistence of the optimal ratio at approximately constant proportions, 
and a decrease in the total precipitate, regardless of the amount of antigen 
added Smetana’s first published curve ((64), Fig 1) with a pure antigen and 
the single antibody evoked by it, though not carried to such high antigen 
concentrations as were the data for Fig 5, suggests a similar constancy of 
optimal proportions 

Haurow itz (89) has shown that several antibodies are elicited to even a 
single pure antigen It may be permissible to postulate that even in so simple 
a system as irradiated ovalbumen/anti normal o\ albumen, irradiation may 
hai e had the effect of distorting the antigen molecules so that a decreasing per- 
centage of the x ariously shaped molecules of the antibody complex w ill react 
with them This might lead to the effect observed, of a steadily decreasing 
•volume of precipitate at approximately constant optimal proportions 

Stechers (60) conclusion that deviation of specificity follows ultraviolet 
irradiation is full} confirmed by the studies described The viscosity of the 
solutions increased during irradiation Neurath (90) has shown that changes 
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In viscosity of protein solutions can be directly related to the degree of ex 
tension of the molecule that occurs during denaturation Thus there is in 
direct evidence of a change in molecular shape which may be associated 
with the deviation in specificity observed The marked decrease m active 
antigenicity was as definite as the deviation in specificity This may prove 
of significance m the problem of removing protein antigenicity 

It is not possible to estimate what part the addition of hematoporphynn 
played in the further reduction m antigenicity noted with serum C, since the 
duration of irradiation was also increased to 96 hours. Hams (78) considered 
it probable that hematoporphynn sensitized, not only to visible, but to ultra 
violet light as well Since his ultraviolet light was not free from longer wave 
lengths, proof was not clear The decrease in precipitin reaction noted m 
Fig 4, curve 1, with the plate glass filtered light from the ultraviolet lamps, 
may have been due in part to long ultraviolet waves of the 3600 A to 3300 A 
resonance bands, as well as to the even longer, visible wave lengths produced 
b> these lamps The effect is sufficient to prevent any clear cut decision that 
the hematoporphynn increased the efficiency of the ultraviolet light. 

The use of the punfied albumen fraction of animal sera os a blood substitute 
has recentl> received much attention. If, as has been suggested by Taylor 
and Keys (16), the use of this fraction in large amounts m human beings is 
not practicable owing to its residual specific antigenicity, then some method of 
removing protein antigenicity would become necessary Such a method could 
be applied either to serum or to the albumen fraction, as Davis and Eaton (43) 
have recently suggested, or even to other proteins such as those m milk 

Sv edberg (91) has emphasized the value of the photon as a means of apply 
mg small and known amounts of energy to proteins and so obtaining a con- 
trolled manipulation of these complex delicate molecules Stimulated by this 
and other observations, a study of the effects upon proteins of radiations m the 
range 6000 A to 2537 A has been commenced It is felt that the first results 
have been sufficiently promising to suggest a careful consideration of this agent 
as a means of removing protein antigem city 

Studies of the toxicity of irradiated protein solutions, and of their capacity 
to substitute for homologous plasma are m progress 

SUlMARY 

1 Normal horse serum was irradiated for periods of 3 to 4 days, with visible 
fight or with ultraviolet light of known intensity and wave length The 
photosensitizer h ema toporphyrin was employed in some instances. The serum 
was exposed to the air in thin layers, and thoroughly agitated throughout 
irradiation. 

2 The irradiated sera were unchanged in color, and over 90 per cent of the 
original protein content remained prempitable by phospho tungstic acid. 

3 Studies of the antigenicity of the sera were earned out on guinea pigs 
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an antibody so denatured that it is stretched out (82 a, b ) and otherwise mod- 
ified so that it could not possibly function as an antibody, may still be highly 
antigenic, albeit with a deviated specificity There are over seventy tyrosine 
radicles in a globulin molecule (S3), arranged, according to Bergmann’s hy- 
pothesis (84), in repeating sequence If hght energy disrupts the linkages 
holding these into the peptide backbone, varying stages of photolysis may be 
expected to give varying degrees of disorganization of the original pattern 
The changes would not necessarily involve either liberation of the aromatic 
residue by the unlikely event of rupture of the link on each side, or a total 
photolytic destruction of the residue itself Landsteiner (85) has emphasized 
that alkali-treated protein of reduced antigenicity could be made more anti- 
genic by nitration of the aromatic residues Since the addition of groups to 
the aromatic residues restores antigenicity, it is not unreasonable to venture 
that distortion from then normal relations may lead to a great diminution 
m antigenicity (86, S7) 

The evidence presented has shown that under the conditions used, the 
photo-oxidation of serum with visible hght will lead to a deviation in speci- 
ficity, but to little diminution m antigenicity Smetana has noted only a 
loss of antigenicity, however he was using pure ovalbumen and only studied 
the final stages of photo-oxidation His evidence does not preclude a deviation 
in specificity during the course of the process 

The results v, ith ultraviolet hght point to a very marked diminution in the 
original horse serum active antigenicity The group of curv es in Fig 5 are 
of interest m this respect The early stages which show a progressn e diminu- 
tion in antigenic activity may be explained as associated with a shift in the 
constitution of the antigen-antibody complexes from the usual preponderance 
of antibody to one of antigen (SS) It is interesting that after 8 hours there 
is a persistence of the optimal ratio at approximately constant proportions, 
and a decrease m the total precipitate, regardless of the amount of antigen 
added Smetana’s first published curve ((64), Fig 1) with a pure antigen and 
the single antibody' evoked by it, though not earned to such high antigen 
concentrations as were the data for Fig 5, suggests a similar constancy of 
optimal proportions 

Haurowitz (S9) has shown that several antibodies are elicited to even a 
single pure antigen It may' be permissible to postulate that even in so simple 
a system as irradiated ovalbumen/anti normal ovalbumen, irradiation may 
ha\ e had the effect of distorting the antigen molecules so that a decreasing per- 
centage of the v anously shaped molecules of the antibody' complex will react 
with them This might lead to the effect observed, of a steadily decreasing 
volume of precipitate at approximatelv constant optimal proportions 

Stecher’s (60) conclusion that deviation of specificity follows ultraviolet 
irradiation is fully confirmed by the studies described The viscosity of the 
solutions increased during irradiation Neurath (90) has shown that changes 



J P HENR\ 


473 


In viscosity of protein solutions can be directly related to the degree of ex 
tension of the molecule that occurs during denatunition Thus there is in 
direct evidence of a change in molecular shape which may be associated 
with the deviation in specificity observed The marked decrease m active 
antigenicity was as defi n ite as the deviation in specificity This may prove 
of significance m the problem of removing protein antigenicity 
It is not possible to estimate what part the addition of hematoporphyrm 
played m the further reduction m antigenicity noted with serum C, since the 
duration of irradiation was also increased to 96 hours Hama (78) considered 
it probable that hematoporphyrm sensitized, not only to visible, but to ultra 
violet light as welL Since his ultraviolet light was not free from longer wave 
lengths, proof was not clear The decrease in precipitin reaction noted in 
Fig 4, curve 1, with the plate glass filtered light from the ultraviolet lamps, 
may ha\ e been due in part to long ultraviolet waves of the 3600 A to 3300 A 
resonance bands, as well as to the even longer, visible wave lengths produced 
by these lamps. The effect is sufficient to prevent any clear cut decision that 
the hematoporphyrm increased the efficiency of the ultraviolet light 
The use of the purified albumen fraction of animal sera os a blood substitute 
has recently received much attention. If, as has been suggested by Taylor 
and Keys (16), the use of thi3 fraction m large amounts in human beings is 
not practicable owing to its residual specific antigenicity, then some method of 
removing protein antigenicity would become necessary Such a method could 
be applied either to serum or to the albumen fraction, as Davis and Eaton (43) 
have recently suggested, or even to other proteins such as those m milk 
Svedberg (91) has emphasized the value of the photon as a means of apply 
mg small and known amounts of energy to proteins and so obtaining a con 
trolled manipulation of these complex delicate molecules Stimulated by this 
and other observations, a study of the effects upon proteins of radiations in the 
range 6000 A to 2537 A has been commenced It is felt that the first results 
have been sufficiently promising to suggest a careful consideration of this agent 
as a means of removing protein antigenicity 

Studies of the toxicity of irradiated protein solutions, and of their capacity 
to substitute for homologous plasma are in progress. 

SUMMARY 

1 Normal horse serum was irradiated for penods of 3 to 4 days, with visible 
light or with ultraviolet light of known intensity and wave length The 
photosensitizer hematoporphyrm was employed in some instances The serum 
was exposed to the air in thin layers, and thoroughly agitated throughout 
irradiation 

2 The irradiated sera were unchanged in color, and over 90 per cent of the 
original protein content remained preapitable by phosphotungstic acid. 

3 Studies of the antigenicity of the sera were carried out on guinea pigs 
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and rabbits Fresh antigenicities of deviated specificity and of an activity 
of the order of 1/SOth, 1/1, 000th, and less than 1/20, 000th that of normal 
horse serum were obtained The residual content of material having the same 
antigemc specificity as normal horse serum was Estimated as approximately 
equivalent in activity to dilutions of normal horse serum of 1 cc , 1/10 cc , 
and less than 1/100 cc per litre respectively 
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THE IMMUNIZATION OF FOWLS AGAINST MOSQUITO BORNE 
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(Received for publication, Auguxt 15, 1942) 

That immunity in malaria is dependent on the combined interaction of both 
cellular and humoral agencies now seems dear Cannon and Taliaferro (1931), 
Taliaferro and Cannon (1936), Taliaferro and Mulligan (1937), among others, 
pro\ cd the importance of the lymphoid macrophage system m defence against 
malaria Coggeshali and Kumm (1937, 1938), Mosna (1938), and others have 
presented proof of the existence of protective antibodies in the blood of mon 
keys with a high degree of acquired immunity Manwell and Goldstein (193fe, 
1940), Hegner and Dobler (1939), Taliaferro and Taliaferro (1940), and 
others have shown that similar protective humoral antibodies occur in avian 
malana Mulligan el al (1940) were the first to demonstrate clear!} the effects 
of correlated interaction of both cellular and humoral agencies in simian ma 
lana Their observations suggested that the enhanced value of the immune 
serum they used in treating Plasmodium knmdesi infections was directly 
correlated with the degree of “stimulation” of the lymphoid macrophage system 
caused by previous infection with P cynomolgi Their results seemed to 
indicate that cellular and humoral agencies in malarial defence were so closely 
interdependent that, under the conditions of their experiments, a full measure 
of one was relative!} ineffective in the absence of an adequate measure of the 
other 

In the first experiments of our series (Mulligan ei al , 1941, Russell cl al , 
1942) we found that repeated injections of large numbers of inactivated sporo- 
zoites of P gallinaceum mto domestic fowls brought about a partial immuniza 
tion against mosquito-borne infection with the homologous Plasmodium 
This paper reports not only more experiments of this sort but also experiments 
in which serum instead of inactivated sporozoites was used, and finally expen 
ments in which both were used to test the effect of combined cellular and 
humoral defence stimulation 

* These studies were made under the auspices and with the support of the Interna 
tional Health Division of The Rockefeller Foundation cooperating with the Pasteur 
Institute of Southern India Coonoor India The authors are indebted to Mr P 
Balarama Mcnon for technical assistance. 
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IMMUNIZATION AGAINST MOSQUITO-BORNE P GALLINACEUM 


Materials and M ethods 

Materials and methods have already been described (Russell el al , 1942) and any 
exceptions or additions noil be noted as indicated below Each of the infections 
reported in this paper was caused bv the bites of two infective mosquitoes This 
yielded a fairly large infective dose of sporozoites which was emploj ed because we 
have found that occasionally no infection in a susceptible fowl will follow the bite 
of one mosquito though on subsequent dissection there are seemingly normal sporo- 
zoites m its salivary glands This may be due to occasional abnormal blocking of 
the salivary duct of the mosquito, though we have not been able to prove this In 
all cases the infecting mosquitoes were dissected to prove the presence of sporozoites 
in salivary glands 

Mosquitoes were incubated at about 80°F with about 80 per cent relative humidity 
for development of sporozoites 

Mortality among experimental fowls due to intercurrent diseases was a serious 
problem For example, the 69 previously unpubhshed experimental fowls listed in 
Tables II, VII, and XII were the balance from 144 with which the experiments were 
started In other words, 52 1 per cent of our birds died either before infection by 
mosquito or during the prepatent period thereafter Except in the cases of fowls 
349 and B 97 any fowl dying with a positive blood smear was considered to have died 
from malana In the cases of 349 and B 97 signs of the virus disease called “drooping 
sickness” were unmistakable The percentage of red cells infected when No 349 
died was only 12 and in B 97 it was less than 1 per cent No control fowl m the entire 
senes died with a percentage of red cells infected of less than 21 Therefore, Nos 
349 and B 97 were classed as casualties pnor to completion of expenmeht Control 
fowls naturally were much less affected, and only four, or 5 5 per cent, of 73 died of 
intercurrent disease The combined mortality rate for both cxpenmcntal and control 
animals from intercurrent disease was 36 4 per cent. 

We gave much time and attention to this difficulty, practising strict quarantine 
and scrupulous cleanliness, usmg pyrethrum sprays and powder for insects The 
fowls were purchased locally and were of decidedly poor quality It would undoubt- 
edly ha\ e been much wiser to have incubated our own supply, not only to avoid the 
cholera, influenza, pox, virus diseases, etc., which afflicted the fowls, but also for 
greater uniformity of experimental animal 

Some deaths were due to anaphylactic shock, some to embolism, and perhaps some 
to infection introduced with dried ground thoraces of mosquitoes, but the majority 
died of recognizable infectious fowl diseases 

Results of Sporozoite Vaccination 

In Table I are shown data from a senes of 10 fowls (A 2, 4, 5-7, 11-14, 22) 
which received sporozoite vaccination only Each fowl received five in- 
travenous injections of a saline suspension of ground dned thoraces of infective 
mosquitoes, between Jul} 23 and August 18, the numbers of mosquitoes used 
for each fowl totalling 220 In each case the agglutinating titre of fowl serum 
for homologous sporozoites was tested and m no case was it below 1/65,536 
dilution Each fow 1 w as infected bv the bites of tw o infectiv e A Sdes albopiclus 



PAUL F RUSSELL AND B N MOHAN 


479 


mosquitoes, 15 days after these insects had tnLen their infective blood meal 
Fite control birds (A 36-40) were bitten by two mosquitoes from the same lot, 
and one (A 41) by two mosquitoes 25 days after their infective meal 


TABLE I 

Morqullo-Bomt InficHom of P [alllnacam In Fmrli TTttct Bed Pmimuly Homed 
Injections of Sforozoile Vaccine Third Series 
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Average prepatent period 8Jf day* experimented fowls, 9.3 day* controls. 

“ highest infection* 20-5 per cent experimental fowl*, 42.8 per cent control*. 

Mortality rate 30 0 66 7 

Each fowl bitten by two mcxqoJtoes 15 day* after their infective meal (25 day* m case of 
A 41) 

N — negative smear D - died of malaria SR- ipontemetra* recovery + — positive 
smear but less than 1 per cent of red cells Infected. Coanted In total* a* 1 per cent. 

It will be seen (Table I) that the average incubation periods were 8 8 and 9.3 
days in experimental and control fowls, respectively The mortality rates 
were 30 0 and 66 7 per cent, respectively Parasite counts were made and the 
percentages of red blood cells infected are shown by daily count in the table 
The average of the highest percentages was 20 5 m the experimental birds and 
42 8 m the controls 
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immunization against mosquito-borne v g allinace um 


In Table II are grouped together a total of 19 fouls which were infected 
after sporozoite vaccination The first tv o senes ha\ e already been published 
(Mulligan et al , 1941, Russell et al , 1942) It v ill be seen that the average 
incubation period for the combined senes v as S 9 days, the average mortality 
21 1 per cent and the average of highest percentages of red cells infected was 
20 5 (only the last senes counted in this wav) These data may be compared 
with those for normal or control fouls shown m Table m Here we have 
combined 11 senes, the first two of vhich have already been published (Mulli- 
gan et a! , 1941, Russell et al , 1942) The combined total of normal, i c , 


TABLE n 

Mosquito Borne Infections of P galhnaceum m Fowls Which Had Previously Received Injections 
of Sporozoite Vaccine Three Series Combined 
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Each fowl bitten b> two infective mosquitoes 
* First senes published Mulligan et al , 1941 
t Second “ “ Russell et al , 1942 


untreated fowls was 83, and among these the average prepatent period was 9 1 
days, the average mortality 55 4 per cent, and the average of highest percent- 
ages of red cells infected 30 1 (three senes, as shown, not counted w this wav) 
The sporozoite vaccination apparently produced a partial immunity 

It is not entirely clear why the last senes of vaccinated fowls (A 2, 4, 5-7, 
11-14, 22) had a higher mortality than the first 9 birds but we suspect it was 
because the mosquitoes used were y ounger We have nou found that generally 
there is a greater degree of infection caused in fouls by mosquitoes 15 days or 
less after them infective feed than bv those used 19 davs or more afterwards 
In the earlier senes we generally used older mosquitoes 















2 195-19S 725 

215 219 
220 

3 319-328 10 3 7 


4 395-100 6 2 4 

5 413-124 12 1 11 

6 A 36-A41 6 4 2 

7 A 93-A 98 6 3 3 

8 B 33-46 14 14 0 

9 B 70 72,73 4 4 0 

75 

10 B 76-81 6 6 0 

11 D 1,2 4-6 5 2 3 


ToUls I 83 I 46 I 37 

* Mulligan dal, 1941 
tRussalldal 1942. 

| For Iodine series 1, 2, and 8. 


TAJ 

Util real 
ften Se 

BLE 

cdFo 

ria 


ickBlt 

td 

tmhyl 

Mot 

Prep* tent 

period 

Hlifcat 
percentile 
of red cell* 
Infected 


Tots 

Anrr 
ift lot 
Mrics 

To till 

At«t 
»P for 
wfes 

X* 

tint 

dtji 

days 



71 4 

72 

10 3 

— 

— 

28 6 

60 

8 6 

- 

- 

30 0 

88 

8 8 

254 

25 4 

33 3 

59 

9 8 

178 

29 7 

8 3 

117 

9 8 

242 

20 2 

66 7 

56 

9 3 

257 

42 8 

50 0 

47 

7 8 

199 

33 2 

100 0 

126 

9 a 

- 

- 

100 0 

39 

9 8 

165 

41 2 

100 0 

54 

9 0 

250 

41 7 

40 0 

41 

8 2 

112 

22 4 

55 4 

759 

9 1 

657 

30 If 


Previously published* 

i 


25 days after infec 
tive feed 

Mosquitoes fed 19 to 
25 days after mfec 
tive feed 

Mosquitoes fed 19 to 
25 days after Infec 
tive feed 

Mosquitoes fed 15 
days after Infective 
feed 

Mosquitoes fed 15 
days after infective 
feed 

Mosquitoes fed 16 
days after infective 
feed 

Mosquitoes fed 11 
days after Infective 
feed 

Mosquitoes fed 11 
days after infective 
feed 

Mosquitoes fed 11 to 
12 days after Infec 
tive feed 



482 


IMMUNIZATION AGAINST MOSQUITO-BORNE P GAIXINACEUM 


Results of Serum Treatment 

In Tables IV to VI are shown data regarding fowls receiving prophylactic 
serum treatment The first senes (359, 360, 362, and 368) received seven daily 
intrapentoneal injections of 1 cc normal sheep serum, from June 23 to 30, 
and v ere bitten by two infective A albopiclns mosquitoes, 19 to 25 days after 
their infective feed, on July 1 (Table IV) Agglutination tests w ere made 
and no titre higher than 1/256 dilution was found Sin control birds (395-400) 
were used and each was bitten by two mosquitoes of the same lot used for the 


TABLE IV 

Mosquito-Borne Infectious of P galhnactum in Fowls Which Had Previously Received 
Injections of Normal Sheep Serum First Senes of Serum Treatments 
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Average prepatent period 9 8 daj s experimental fowls, 9 8 days controls 

“ highest infections 12 8 per cent experimental fowls, 29 7 per cent controls 
Mortality rate ml “ “ “ “ 33 3 “ “ 

Each fowl bitten b> two mosquitoes 19 to 25 daj s after their rnfecUv e meal 
N*= negative smear, D*= died of malaria, S spontaneous recover} , + = positive 
smear but less than 1 per cent of red cells infected Counted in totals as 1 per cent 

experimental birds The prepatent period averaged 9 8 da} s in both expen- 
mental and control fowls The mortality rate in the former v, as ml and in the 
latter 33 3 per cent The average of highest percentages of red cells infected 
was 12 8 in the experimental and 29 7 m the control fowls 

Data from the second senes (A 90, 91, B 64-69) are shown in Table V Each 
fowl received seven daily intrapentoneal injections of 1 cc of serum pooled 
from a number of fowls having chronic malana due to the homologous Plas- 
modium Each was bitten b} two infective A albopictus mosquitoes 11 da}s 
after their infectiv e meal These mosquito feedings vv ere made after the fourth 
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injection of serum so that each fowl received 3 cc. of serum after infection 
It will be seen (Table V) that the average prepatent penod wa 3 8 2 days and in 
4 control birds (B 70, 72, 73, 75) it was 9 8 days The mortality was 25 per 
cent m experimental and 100 per cent in the control fowls The average of 


TABLE V 

Mosquito-Borne Infections of P pslhnactum tn Fovis Which Had Previously Recehed Injection 
of Chronic Fowl Serum Second Senes of Serum Treatments 
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IMMUNIZATION AGAEsST mosquito-borne p gaixinaceum 


albopiclus mosquitoes on November 26, 11 to 12 days after these insects had 
taken their infective meal There were five controls (D 1, 2, 4-6) each bitten 
by two mosquitoes of the same lot The average prepatent period was 9 2 
days in the experimental and 8 2 in the control fowls The mortality rate in 
the former was 16 7 per cent and it was 40 0 per cent in the latter The average 
of highest percentages of red cells infected was 27 8 in the experimental buds 
and 22 4 in the controls 


TABLE VI 

Mosquiio-Borr.e Injections of P gaUmaceum t n Fowls Which Bad Previously Received Injections 
of Normal Sheep Serum Third Series of Serum Treatments 


Fowl 

Jvo 

Weight of 
owl 

Prepatent 

period 

Percentage of red blood cells infected 

Result 

Bays following infection 

7 

8 

9 

10 

11 

12 

13 

14 

l 15 

16 

I 17 

1 18 

19 

20 


tm 

days 









| 


1 

[ 










Experimental 









B 85 

720 

10 

N 

N 

N 

N 

+ 

+ 

3 

5 

14 

21 

4 

4 

N 

N 

SR 

B 91 

626 

8 

N 

N 

+ 

1 

6 

17 

36 

32 

14 

5 

4 

4 

N 

N 

SR 

B 93 

620 

8 

N 

N 

+ 

7 

12 

3 

+ 

N 

N 






SR 

B 94 

636 

11 

N 

N 

N 

N 

N 

+ 

4 

13 

24 

52 

78 

D 



D 

B 96 

950 

9 

N 

N 

N 

+ 

4- 

13 

15 

4 

4 

N 

N 




SR 

B 100 

786 

9 

N 

N 

N 

+ 

4 

4 

5 

2 

4 

N 

N 




SR 


Control 


D 1 

636 

8 

Nj 

N 

4 

4 

9 

23 

D 








D 

D 2 

661 

8 

N 

N 

4 

4 

6 

6 

7 

3 

4 

N 

N 




SR 

D 4 

657 

8 

N 

N 

4 

4 

*4" 

4 

7 

27 

56 

46 

42 

35 

29 

D 

D 

D 5 

664 

9 

N 

N 

N 

4 

4 

4 

3 

l 1 

4 

4 

N 

N 



SR 

D 6 

686 

8 | 

N! 

N 

4 

4 

5 

14 

22 

8j 

4 

4 

4 

N 

N 


SR 


Average prepatent penod 92 days experimental fowls, 8.2 days controls 

“ highest infections 27 8 per cent experimental fowls, 22 4 per cent controls 
Mortality rate 16 7 “ “ “ “ 40 0 “ “ 

Each fowl bitten by two mosquitoes 1 1 to 12" day s after their infective meal 
N = ncgaUve smear, D «= died of malaria, SR = spontaneous recovery , 4 ■=» positive 
smear but less than 1 per cent of red cells infected Counted as 1 per cent in totals 

In Table VTI we have combined the above three senes of fouls receiving 
serum treatment It will be seen that the average prepatent period was 8 9 
days, the a\ erage mortality 16 7 per cent, and the average of highest per- 
centages of red cells infected 17 9 per cent These data may be compared 
with those for vaccinated fouls in Table II and for normal fouls in Table ELT 
It will be seen that average prepatent penod and mortality rate uere 8 9 
days and 21 1 per cent for combined senes of vaccinated fouls, compared 
with figures of 9 0 days and 55 4 per cent for normal fowls 
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If the fowls receiving sheep scrum arc grouped there is a total of 10, with an 
average incubation period of 9 4 days a mortality of 10 0 per cent, and an 
average of highest percentages of red cells infected of 21 8 per cent There were 
8 birds which received chrome fowl serum and the corresponding data are 8 2 
days’ average incubation period, 25 0 per cent mortality, and 13 1 per cent 
average of highest percentages of infected red cells. The numbers are too 
small to make much of these somewhat contradictory findings 

Results of Combined Scrum Treatment and SporozoUe Vaccination 
In Tables VETI to XI are shown data for three senes of fowls which were 
given combined prophylactic serum and sporozoite vaccination 


TABLE VH 

Ilosquito-Berrne Infections of P lelUnacturn in Ferris Winch Hod Previously Recessed Serum 
Injections Three Senes Combined 



Serial No*, of 

No of 

Ek*th* 

Spon 

Mot 

Ullty 

ret* 

Prep* tent 
period 

ITl*t>est per 
cenUra of rad 
cell* Infected 

R*tntiks 

No 

fo*b 

In 

i erio 

miltrit 

rtcoY 

eric* 

Total, 

Artt 

*** 

for 

•eric* 

TotaJ* 

Artr 

r 

•eric* 







Uyi 





1 

359 3<50 362 
363 

4 

0 

4 

Nil 

39 

9 8 

Sl 

12 8 

Sec Table IV 

2 

A 90 A 91 

B 64-69 

8 

1 

2 

6 

25 0 

66 

8 2 

105 

13 1 

‘ V 

3 

B 85, 91 93 
94 96 100 | 

6 1 

1 

5 

16 7 

55 

9 2 

167 

27 8 

“ VI 

ToUls. 

18 

3 

15 

167 

160 

8 9 

323 

17 9 



Table VHI presents data for the first senes (231, 233-239, 241, 272) These 
fowls each received five intravenous injections of saline suspensions of ground 
dried thoraces of infective mosquitoes between April 17 and May 12, the num- 
ber of mosquitoes used for each fowl totalling 270 Each fowl also received 
seven daily mtrapentoneal injections of 1 cc normal sheep serum from May 
10 to 16 On May 19 each was bled for agglutination teat and each was bitten 
by two infective mosquitoes, probably but not certainly from 15 to 20 days 
after the insects had had their infective blood meaL (Probably but not 
certainly Alda albopidus Any exceptions were Armigera obtwbans) 
There were 10 control birds (319-328) each bitten by two infective mosquitoes 
from the same lot. 

It will be seen (Table VIII) that the average prepatent period was 8.2 days 
in the experimental animals and 8 8 days in the controls. The mortality rate 
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was nil in the protected fowls and oO 0 per cent in the controls The average 
of highest percentages of parasite infected red cells was 18 3 in the former and 
25 4 in the latter 


TABLE vm 


Mosquito-Borne Infections of P gallinaceum in Fouls Which Had Previously Reserved Injections 
of Serum and Also of Sporozoite Vaccine First Senes of Combined Treatments 


Fowl 

No 

Agglutinat 
in# litre 
of fowl 
serum 

Pre- 

patent 

period 

Percentage of red blood cells infected 

Result 

Days following Infection 

7 

8 

9 

E 

11 

12 

13 

14 

15 

16 

17 

J 18 

19 

E 

21 

22 

23 

24 

25 

26 



days 




1 

























Expenmental 












231 


8 

N 

N 

+ 

3 

13 

6 

2 

+ 

N 

+ 

N 

+ 

N 

+ 

+ 

N 

N 




SR 

233 

65,536 

9 

N 

N 

N 

+ 

2 


E 

7 

1 

N 

N 










SR 

234 

65,536 

8 

N 

N 

+ 

+ 

1 

5 

6 

3 

+ 

+ 

N 

N 









SR 

235 

262,144 


N 

N 

N 

N 

+ 

3 

11 

5 

2 

N 

N 










SR 

236 

131,072 

8 

N 

N 

N 

+ 

4 

m 

30 

8 

2 

+ 

+ 

N 

N 








SR 

237 

262,144 

8 

N 

N 

+ 

+ 

4 

5 

3 

+ 

i 

N 











SR 

238 

131,072 


N 

+ 

+ 

6 

9 

16 

2 

+ 

s 












SR 

239 

131,072 


m 

N 

N 

+ 

2 

6 

32 

38 

44 


16 

10 

5 

4 





N 

N 

SR 

241 

65,536 


m 

+ 

11 

18 

26 

25 

2 

7 

+ 


N 










SR 

272 

65,536 

8 

N 

N 

+ 

5 

23 

17 

4 

N 

N 












SR 


Control 



Average prepatent period 8.2 days experimental fowls, 8 8 days controls 

“ highest infections 18 3 per cent experimental fowls, 25 4 per cent controls 
Mortality rate ml « “ “ " 30 0 “ “ 

Each fowl bitten by two mosquitoes 19 to 25 days after their infective meal 
N = negative smear, D = died of malaria, SR “ spontaneous recovery, -f- •=■ positive 
smear but less than 1 per cent of red cells infected Counted as 1 per cent in totals 

In Table IX are shown data from the second senes (346, 353, 357, 388, 389, 
393, 401-3, 409) having both serum and \accmation treatment Each fowl, 
between June 19 and July IS, received intravenous injections of saline sus- 
pensions of salivary glands dissected from 40 infectiv e mosquitoes and exposed 
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to ultraviolet radiation for 30 minutes to inactivate the sporozoites Fowl 346 
received glands from a total of 280 infective mosquitoes, fowls 353, 357, 388 
from 240, and the others from 200 infective mosquitoes, respectively 


TABLE IX 


SIoxquito-Bemc Infections of P idlinaceum in Fowls WhcM Had Previously Received 
Injections of Serum and Also of Sporadic Vaccine Second Series of Combined 
Treatments 


6 

X 

E 

t* 

1 

"S 

t 

IJ 

!|b 

P 

PeranUje oi red blood ctU» Infected 

R*- 

wic 

D»y» loTkrwin* infection 

7 

5 

1 


11 

|_ 

1 

s 

14 

13 

16 

17 

H 

19 

Z 

21 

z 

23 

t 

Z 

“ 

B 

a 

B 

a 

1 

a 

9 

3 


1* 


<t*7i 





















i 

■ 

i 

■ 


■ 















Eiytrimr*!*! 

















146 

1003 

262 144 

ft 

N 

N 

+ 

+ 

1 

3 

3 

8 

J 

1 

-H 

+ 1 

N 

N 















S R 

33J 

633 

26 2 144 

12 

N 

N 

N 

N 

N 

N 

+ 

2 

1 

6 

9 

4 

+ 

+ 

N 

N 













S R 

JS7 

747 

262 144 

9 

N 

N 

b 

+ 

l 

< 

S 

8 

3 

+ 

+ 

N 

N 
















SR 

MJ 

— 

111 072 

11 

N 

N 

N 

N 

N 

+ 

4 

IS 

53 

60 

Si 

63 

D 
















D 

ST) 

— 

111 072 

> 

N 

N 

+ 

+ 

+ 

4 

9 

7 

4 

+ 

N 

N 

















SR 

K3 

m 

111 072 

12 

N 

N 

N 

N 

N 

N 

+ 

2 

S 

23 

JJ 

I 

+ 

+ 


+ 

+ 

+ 

+ 

+i 

+i 

N 

N 






SR 

401 

914 

U1 072 

12 

N 

N 

N 

N 

N 

N 

+ 

t+ 

4 

7 

7 

1 

J 

+ 

+ 

4- 

+ 

N 

N 










SR 

403 

*43 

131 on 

20 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

+ 

+ 

2 

9 

U 

8 

2 

N 

N 






SR 

405 

— 

131 072 

10 

N 

N 

N 

N 

+ 

+ 

3 

9 

9 

2 

+ 

N 

N 
















SR 

409 

- 

EEl 

11 

N 

N 

N 

K 

N 

+ 

2 

1 

21 

U 

D 





_ 

_ 


_ 










D 


C**u*i 


413 

629 

— 

9 

N 

N 

S 

+ 

+ 


1 

J 

2 

w 

4- 

t+ 

N 

N 















SR 

414 

657 

— 

10 

N 

N 

N 

N 

+ 

+ 

1 

3 

6 

J 

4- 

N 

N 
















SR 

413 

612 

— 

20 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

+ 

4- 

2 

1 

2* 

24 

23 

20 

19 

6 

4- 

4- 

N 

N 

SR 

416 

SM 

— 

9 

N 

N 

N 

+ 

1 

2 

7 

17 

6 

4' 

N 

N 

















SR 

417 

— 

— 

9 

N 

N 

N 

+ 

2 

8 

3 

2 

+ 

N 

N 


















S R 

418 

597 

— 

8 

N 

N 

+ 

+ 

3 

4 

3 

2 

+ 

N 

N 


















SR 

419 

461 

— 

B 

N 

N 

+ 

+ 

8 

23 

JO 

16 

+ 

+ 

N 

N 

















SR 

420 

702 


10 

N 

N 

N 

N 

+ 

2 

6 

13 

+ 

N 

+ 

N 

N 
















SR 

421 

433 


t 

N 

N 

+ 

+ 

2 

6 

1 


+ 

N 

N 


















6 R 

422 




1 

N 

N 

+ 

+ 

5 

14 

23 


to 

72 

73 

41 

29 

19 

a 

JJ 

65 

72 

83 

71 

57 

50 

D 






D 

423 

7M 


* 

N 

S 

N 


+ 

3 

4 

-t- 


+i 

J 

3 

+ 

N 















SR 

424 



9 

N 

N 

N 


+ 

3 

In 

125 

_ 

1 

N 

N 




__ 


_ 




__ 






_ 

SR 


Average prepatent period 11-3 dayi experimental fowl*, 93 days control 

« highest infection* 20 4 per cent experimental fowls, 203 per cent controls. 
Mortality rate 200 u * u &3 M 

Enrfr fowl bitten by two mosqtiftoe* 20 to 25 day* after their infective meat 
N- negative smear D- died of malaria SR- *pontaneons recovery* +- *meer posl 
tivc but lem than 1 per cent of red cells Infected Counted as 1 per cent in totals. 

From June 14 to 18 each fowl received an injection of 1 cc. of fowl serum 
pooled from fowls having a chronic infection with the homologous Plasmodium 
The injections were given intravenously and wtrapentoneally, alternately 
Tests of the agglutinating titre of these fowls against homologous sporozoites 
were made on July 20 The results are shown in Table EC. In no case was 
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the titre less than 1/131,0/2 and in three cases it was at 262,144, which is a 
high dilution 

Each fowl, experimental and control, was bitten on July 20 by two infective 
Aedes albopictus mosquitoes 20 to 25 days after the insects had had their infec- 
tive blood meal As shown in Table IX the average prepatent period in this 


TABLE X 

Mosquito-Borne Infections of P gallinaceum in Fowls Which Bad Previously Received Injections 
of Serum and Also of Sporozoite Vaccine Third Series of Combined Treatments 


Fowl 

No 

Weight 
of fowl 


Percentage of red blood cells infected 


Prepatent 

period 

Days following infection 

Result 




7 

8 

9 

m 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 



Cm 

days 














r 








Experimental 









A 46 ‘ 

825 

10 

N 

N 

N 

N 

+ 

+ 

i 

6 

8 

3 

+ 

N 

N 


SR 

A 48 

809 

8 

N 

N 

+ 

+ 

2 

5 

5 

+ 

+ 

N 

N 




SR 

A 50 

722 

9 

N 

N 

N 

+ 

+ 

2 

IS 

29 

55 

D 





D 

A 51 

742 

8 

N 

N 

+ 

1 

8 

6 

1 

+ 

4* 

N 

N 




SR 

A 53 

888 

7 

N 

+ 

+ 

' + 

Z 

5 

2 

+ 

+ 

N 

N 




SR 

A 60 

874 

7 

N 

+ 

+ 

+ 

5 

10 

12 

1 

4- 

+ 

N 

N 



SR 


Control 


A 93 

868 

7 

N 

+ 

+ 

5 

7 

23 

44 

32 

D 






D 

A 94 

900 

7 

N 

+ 

+ 

+ 

6 

12 

13 

8 

1 

+ 

+ 

N 

N 


SR 

A 95 

810 

9 

N 

N 

N 

+ 

3 

11 

21 

27 

51 

D 





D 

A 96 

799 

8 

N 

N 

+ 

+ 

+ 

6 

17 

33 

D 






D 

A 97 

795 

8 

N 

N 

i 4- 

+ 

2 

7 

30 

41 

19 

11 

2 

+ 

N 

N 

SR 

A 98 

833 

8 

N 

N 

+ 

1 

17 

12 

5 

1 

4- 

4- 

N 

N 



SR 


Average prepatent period 8.2 days experimental {owls, 7 8 day's controls 

“ highest infections IS 5 per cent experimental fowls, 33.2 per cent controls 
Mortality rate 16 7 “ “ “ “ 50 0 “ “ 

Each fowl bitten by two mosquitoes IS days after their infective meal 
N ■» negative smear, D «= died of malaria, SR ■= spontaneous recovery, + = smear 
positiv e but less than 1 per cent of red cells infected Counted as 1 per cent in totals 

second series was 113 day's, the mortality rate was 20 0 per cent, and the aver- 
age of highest percentages of red cells infected w as 20 4 per cent 

In Table X are shown the data for the third series (A 46, 48, 50, 51, 53, 60) 
having combined prophylactic treatment Each fow ] received five intravenous 
injections of a saline suspension of ground dried thoraces of infective mos- 
quitoes, between August 20 and September 13 A total of 200 mosquitoes 
was used for each fowl Trom September 15 to 20 each fowl received daily 
1 cc mtrapentoneaUy of pooled sera from fowls chronically mfectc d with the 
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homologous P galUnaceutn On September 17 each fowl was bitten by two 
infective A albofnclus 15 days after the insects had had their infective blood 
meal Thus there were three injections of serum after the mosquitoes had 


TABLE XI 


lfosquilo-Bornc Infections of P gallinocetm in Fends Which Bad Preciously Received I nicotians 
of Serum and Also of Sporozoite Vaccine Fourth Senes of Combined Treatments 


Fowl No 

1 

Wrf$tu 

of (owl 

Prepatent 

period 

Percentage of red blood cell* infected | 

Remit 

Days following Infection 

8 1 

9 

I 10 ' 

11 

|!i 

1J 

14 

15 

16 

n 

18 

19 

20' 

21: 

K 

ij hi' 

25 


P" 

dsjt 



, 

















Experimental 




Average prepotent period 10 1 day* experimental fowls, 9.0 day* controls 

highest infections 9 0 per cent experimental fowls, 41 7 per cent controls. 
Mortality rate nfl 100 0 

Each fowl bitten by two mosquitoes eleven davs after their infective meat. 

N - negative smear D - died of malaria SR- spontaneous recovery + - smear 
positive but less than 1 per cent. Counted as 1 per cent in totals. 


infected the fowls. There were six controls (A 93—98) each bitten by two 
infective mosquitoes in the same lot 

As shown m Table X, the average incubation periods were 8 2 and 7 8 days 
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in experimental and control fowls, respectively The mortality rate in the 
former was 16 7 per cent and in the latter 50 0 per cent The average of 
highest percentages of red cells infected was 15 5 in the experimental fowls 
and 33 2 in the controls 

The fourth senes (B 5-7, 9, 10, 12, 13, 16, 19, 21-23, 26, 31, 32) having 
combined prophylactic treatment is shown in Table XI Each of these 15 
fowls received six intravenous injections of saline suspensions of ground dried 
thoraces from infective mosquitoes between September 19 and October 16, 
a total of 240 mosquitoes being used for each fowl Daily intraperitoneal 

TABLE XU 


Mosquito-Borne Infections of P galltnaceum in Fowls Which Had Previously Received Injections 
of Serum and Also of Sporozoite Vaccine Four Senes Combined 




No of | 

Deaths 

from 

malaria 

Spon 

Mor- | 
talvty 1 
rate 

Prepatent 

period 

Highest per 
centagesof red 
cells infected 

Rematti 

No 

fowls 

In 

series 

recov 

cries 

Total 

Aver 

age 

for 

series 

Total 

Aver 

age 

for 

series 







days 

days 1 




1 

231,233-239, 
241, 272 


0 

10 

Nil 

82 

8 2 

183 

18 3 

See Table VUI 

2 

- 

346,353,357, 
388, 389, 
393,401-3, 
409 


2 

8 

20 0 

113 

11 3 

204 

- 

20 4 

Sec Table IX 

3 

A 46, 43, 50, 
51, 53, 60 

6 

1 

5 

16 7 

49 

8 2 

93 

15 5 

See Table X 

4 

B 5-7, 9, 10, 
12, 13, 16, 
19, 21-23, 
26, 31, 32 

15 

0 

1 

15 

Nil 

152 

10 1 

135 

9 0 

See Table XI 

Totals. 

1 41 

, 3 

38 

7 3 

396 

9 7 

615 

15 0 



injections of 1 cc of pooled sera from fowls chronically infected wuth the 
homologous Plasmodium were given to each fowl from October 20 to 26 
On October 22 each fowl was bitten by two infective A albopxclus mosquitoes, 
1 1 days after these insects had had their infective blood meal Thus there were 
four injections of serum after the fowls were infected by the mosquitoes There 
were six controls (B 76-81) each of which was bitten bj two infective mos- 
quitoes of the same lot 

As shown in Table XI the average prepatent periods were 10 1 days in the 
expenmen tal fowls and 9 0 in the controls The mortabty rate in the former 
was nil while m the latter it was 100 per cent The average of highest per- 
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centages of infected red cells m the experimental fowls was 9 0 and in the 
controls 41 7 

In Table XU the four senes that had combined treatment have been grouped 
together The total of 41 fowls had an average prepatent period of 9 7 days, 
an average mortality of only 7 3 per cent, and an average highest percentage 
of infected red cells of IS 0 per cent 

DISCUSSION 

The data for the grouped senes of experiments can be briefly summonsed 
as follows* — 


Dtsalptlon 

ToU) 
Ho ot 
fowls 

A rente 
prepotent 

P«k>d 

•ArrrtJte 

mortality 

rate 

Ateta** highest 
tweenbure o l 
red ails 
[aimed (dally 
counts) 

Average 
percentage red 
ctU* injected 
hm prior to 
death 



Uyt 

M ermt 



Norma] fowls (Table III) 

83 

9 1 

55 4 1 

30 1* 

44 6 

Fowls having sporozoite vaccina 
tion (Table II) 

19 

8 9 

21 1 

20 Sf 

54 7 

Fowls having serum infections 
(Table VII) 

18 

8 9 

16 7 

17 9 

45 0 

Fowls having both sporozoite vne 
dilation and serum injections 
(Tabic XU) 

1 41 

9 7 

7 3 

15 0 

53 7 


* Based on observation* on 55 fowl*, 
t Based on observation* on 10 fowls. 


Several interesting points emerge In the first place, none of the expen 
mental procedures in these attempts to immunize fowls against P galhnaceum 
had any great effect on the duration of the prepatent period which has varied 
between 7 and 20 days There was some evidence of a slight prolongation 
of this penod in the senes receiving combined treatment and reported in 
Tables IX and XI Here the prepatent penods averaged 1 1 3 and 10 1 days, 
respectively 

The prepatent penod following mosquito-borne infection was longer than 
that following intravenous inoculation by trophozoites as has been noted by 
others. In the latter infections the prepatent penod vaned from 1 to 6 days 
■with an average of 2 8 days in 12 fowls The larger the inoculation of tropho- 
zoites the shorter the penod 

In the second place, this report confirms the earlier results in indicating that 
fowls can be actively immunized to some extent against mosquito- borne infec 
tio ns of P galhnaccum by vaccination with homologous inactivated sporozoites. 
In the first report the mortality rate in six vaccinated fowls with sporozoite 
agglutinating titres of 1/32,768 or higher was nil (Mulligan cl al , 1941) 
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But only two of these (127 and 150) had been fed on by two mosquitoes The 
others were bitten by only one infective mosquito Seven more cases were 
reported in the second report (Russell el al , 1942) all bitten by two mosquitoes 
but using mosquitoes probably, but not certainly, 20 days after their infective 
blood meal The mortality rate was 14 3 per cent in this senes In the third 
senes reported here for the first time (Table I) there were 10 fowls, fed on by 
two mosquitoes 15 days after infective meal, and the mortality rate was 30 
per cent The combmed average mortality rate for the 19 fow’ls was 21 1 
per cent, which was less than half that of normal fowls similarly infected This 
is a significant measure of immunization, although m no case was infection 
prevented 

Thirdly, we have shown (Table VII) that serum injections produced a similar 
partial immunity, so that an average mortality of 16 7 per cent prevailed 
As will be reported elsewhere (Russell and Mohan, 1942) we know' that such 
serum injections, whether of normal sheep serum or of sera pooled from fowls 
infected with the homologous Plasmodium, will enlarge the fowl spleen to 
nearly double its normal volume On section these enlarged spleens showed a 
histological picture w hich, except for absence of parasites, pigment, thrombi, 
and infarcts, was analogous to that of the enlarged spleen of acute malaria 
(See also Manwell and Goldstem, 1940 ) Therefore, w r e believe that by the 
serum injections we stimulated the cellular defence mechanism against malaria 
Whether or not the humoral elements were also stimulated, and to what extent 
there was passu e immunity, w r e cannot say But m one series (Table TV) 
there was no evidence of any nse in the agglutinating titre of the fowl serum 
against homologous sporozoites 

Fourthly, it was m the grouped senes of 41 fowls (Table XII) which had had 
both humoral stimulation by sporozoite vaccination and cellular stimulation 
by serum treatment that we see the greatest immunizing effect In these fowls 
the average mortality was only 7 3 per cent, as contrasted with a normal 
mortality of 55 4 per cent. The numbers m each group were large enough so 
that this difference m immunity rates is statistically highly significant During 
the course of infection in these birds the percentage of red cells found infected 
m daily counts was never over 50 per cent except m two of the three fatalities 
(3S8 and A 50) in which it was 63 and 55 per cent, respectively The average 
of the highest daily percentages of red cells infected m this group of 41 fowls 
w as 15 0 per cent as contrasted w ith 30 1 per cent for normal fow Is The 
average percentage of red cells infected immediately pnor to death was a 
little higher in the -vaccinated groups than m the controls 

The course of infection in the three senes of expenmental fowls and in the 
controls is presented in Table XIII, where the average percentages of red cells 
infected are shown by days throughout infection, in the fowls which spontane- 
ously recovered The data have been plotted m Chart 1 It v ill be noted 
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that the partially protected fowls did not show as high a peak of infection 
as the controls and in the case of the fowls having serum and in those having 
both serum and vaccination the peak came on the 14th day and not on the 13th 
as with the controls 

The crisis, so marked m the controls, with a very rapid fall on the 14th to 
17th days was not so rapid in the protected birds For instance, m the group 
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having both serum and vaccination the corresponding fall extended from the 
15th to 19th day 

While we did not succeed m preventing infection m any fov, 1 by the combined 
propin lactic treatment our test was a se\ ere one, for the infecting dose of two 
mosquitoes was a relatively large one We believe the results tend to confirm 
and extend m fowls the findings of Mulligan el al (1940) in monkeys, which 
demonstrated the interaction of both cellular and humoral agencies m defence 
against malaria 
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SUMMARY AND CONCLUSIONS 

This paper reports attempts to immunize domestic fowls against mosquito 
borne infections of Plasmodium gdhnacaim by means of (a) vaccination with 
inactivated homologous sporozoites, ( b ) injections of sera, both normal sheep 
serum, and serum from fowls chronically infected with the homologous Plas 
modium, (c) combinations of both sporozoite vaccine and serum 
It was possible to reduce the normal malana death rate (55 4 per cent) 
in these fowls by each of the above methods but most markedly by the com 
blned prophylactic treatment Mortality rates were 21 1 per cent in vac- 
cinated fowls, 16 7 per cent m serum treated fowls, and 7.3 in those having the 
combined treatment 

Intensity of infection was measured by counting the percentage of red cells 
infected each day It was found that m each group of fowls having prophylac- 
tic treatment the average of highest percentages of red cells infected was less 
than in untreated malarious fowls (30 1 per cent) The average figure was 
20 5 per cent m vaccinated fowls 17 9 per cent m those having serum injections, 
and 15 0 per cent In those having combined treatment 
The prepatent period was not markedly affected by any of the prophylactic 
procedures It averaged 9 1 days in the untreated group, 8 9 days in both the 
vaccinated and serum treated groups, and 9 7 days in the group having com 
bined treatment 

The results seemed to demonstrate an interaction of both cellular and 
humoral agencies m defence against malana, since the greatest immunizing 
effect was seen in the senes having both sporozoite vaccine and serum injections 
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THE SPECIFIC POLYSACCHARIDE CONTENT OF PNEUMONIC 
SPUTA* 

Bv J T TRIPP PnD A. W FRISCH, 1LD , C D BARRETT, Jb^ and 
B E. PIDGEON 

(From the Michigan Department of Health Laboratories, Lansing, and the Department 
of Bacteriology and Clinical Pathology College of Medicine, Wayne Untoersity 
Detroit ) 

(Received for publication July 17 1942) 

The microscopic examination of sputum from patients with pneumonia has 
revealed that Type HI infections are distinctly different from those due to 
other pneumoooca The evidence obtained supported the hypothesis that 
the prognosis was primarily dependent upon the amount of Type IH capsular 
carbohydrate produced and secondarily upon the number of organisms present 
in the pneumonic exudate (1) The character of the visualized background in 
Wnght stained smears of rusty sputum was the first means of classifying 
patients with Type IH pneumonia into two major groups In one group called 
“non reticulated” the usual granular pink background was present on the 
slides as contrasted with a second group called “reticulated” in which the 
background was composed of a branching, fibrin like network which appeared 
to originate from the similarly stained capsules of the interdispersed pneumo- 
cocci. In the non reticulated instances the bacteremic incidence was 7 per 
cent and the fatality rate was 9 per cent, whereas m the reticulated group 
the bacteremic incidence was 65 per cent and the fatality rate was 83 per cent 
(2) It was then found that by the addition of as little as 0 02 mg of Type III 
S to 0 1 cc. of any pneumonic sputum an artificial reticulation could be produced 
which closely resembled that seen in the naturally occurring pneumonia. 
Further evidence that the reticulation was due to an unusually large amount 
of carbohydrate was obtained by means of the “quellung” reaction. Neufeld 
preparations of reticulated specimens of sputum revealed a mesh work of excess 
capsular material either in the form of swollen free masses, or in the form of 
strands connecting one pneumococcus to another (2) The striking differences 
in the amount of S observed m the “quellung” reaction suggested that quanti 
tatrve methods could be utilized Therefore, in further test of the above 
hypothesis, specimens of sputum from patients with Type I, IT HI, VH, and 
VTTT pneumonia were analyzed for their capsular polysaccharide content by 
a method based on the work of Avery and Goebel (3), Heidelberger, Kendall, 
and Scherp (4), and Wadsworth and Brown (5) 

* Supported by a grant from the Commonwealth Fond to the Michigan Department 
of Health Laboratories 
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Methods 

Samples of sputum were obtained prior to and within 48 hours from the beginning 
of therapy To insure that the samples originated from the pneumonic areas in the 
lung, only rusty or bloody specimens were analyzed Each specimen was made 
homogeneous with the aid of glass beads and a mechanical shaker To an accurately 
measured aliquot (10 ml if available) was added an equal volume of acetate buffer 
solution, 1 glass beads, and a drop of capryhc alcohol to prevent foaming This 
mixture was then shaken vigorously for 30 minutes Two volumes of 95 per cent 
alcohol were added slowly and the sample placed in the cold room overnight The 
next morning the samples were centrifuged, the supemate discarded, and the residue 
was extracted with 10 ml of acetate buffer m the manner described above The 
mixture was centrifuged, the supemate decanted, and the insoluble fraction was 
extracted with acetate buffer until the washings no longer gave a positive nng test 
with homologous antiserum. The acetate buffer washings were then combined, 
precipitated with two volumes of 95 per cent alcohol, and the centrifuged precipitate 
reextracted and repreapitated twice more for purification The last alcohol precipi- 
tate was dissolved in slightly acidified, warm saline which was subsequently neutralized 
to litmus with dilute NaOH The purified solution of S was then adjusted to the 
original volume of the sputum aliquot . 

A modification of the Heidelberger and Kendall procedure was employed to measure 
the amount of S in the sputum extracts (6, 7) A given antiserum for each type being 
studied was standardized with known amounts of a highly punfied polysaccharide 
The amount of nitrogen precipitated was plotted against the corresponding amounts 
of S The analysis of an unknown solution of S must be conducted in the region of 
antibody excess (7) The quantity of S in the unknown punfied sputum aliquots 
was adjusted to fall within this range This was accomplished by comparing the 
relative precipitin titers of the unknown with a standard solution of S In general 
the samples with the highest titers contained the most carbohydrate, but the veil 
known limitations of the precipitin test prohibited its use for detecting small differ- 
ences Tnplicate 1 ml aliquots of the unknown S solutions were added to 1 ml 
quantities of standard antiserum and the preapitable nitrogen determined by the 
micro Kjeldahl technique On the basis of these values the quantity of S in the sample 
was read from the standard curve 

The activities of the S preparations used m standardizing the serums were as 
follows — 




Precipitin titer 

Antibody N 
precipitated by 

0 1 mg S 

1 

Potency ol homolo- 
gous antisennn 

SI 

Lot 2 

1 10,000,000 

ms /ml 

1 0 

A /ml 

2 0* 

SH 

Lot 3 

1 5,000,000 

1 2 

2 I* 

sm 

Lot 5 

1 5,000,000 

1 1 

2 

svn 

Lot 3 

1 2,000,000 

0 7 

2 3* 

svm 

Lot 2 

1 5,000,000 

1 4 

2 1* 


* Horse serum 
X Rabbit serum 


1 Sodium chloride 0 9 per cent, sodium acetate 4 per cent, glacial acetic acid 2 per 
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The final result* of the sputum analyses are reported in terms of mg per cent 
The practice of aUculatmE the results to the bows of dry weight of the sample was 
abandoned because in 17 such analyses there were no significant differences between 
the two sets of data 


RESULTS 

In Table I are presented tbe results of the analyses of 19 samples of sputum 
from 14 patients with Type I pneumonia It can be noted that the cases are 
relative!} mild as judged from the degree of involvement, incidence of bac 
teremia, and leukopenia The sputum counts represent the highest number 


TABLE I 

Specific Poiyjaccfiaridt Content cf Type I Sputa 


Pltlttt 

No 

A f 

BtctercmU 

Ltnko- 

p*ni* 

Haiti pit 
lobe 

Sputum 

eoantj 

S 

Outcome 


jrt 





■1 ftr ttxi 


1 

39 

— 

4* 

4- 

13 

0 8 

L 

2 

24 

— 

— 

— 

1 

0 8 

L 

3 

30 

4* 

— 1 

— 

14 

1 1 

L 

4 

38 

— 

_ 

4* 

15 

1 2 

L 

5 

35 

— 

— 

— 

12 

1 2 

L 

6 

60 

— 

— 

— 

5 

1 3 j 

L 

7 

48 

- 

- 

— 

26 

1 3 ! 

L 

8 

39 

+ 

— 

+ 

57 

1 3 

L 

9 

16 

+ 

— 

— 

3 

1 8 

L 

10 

40 

— 

4- 

— 

25 

1 8 

L 

11 

32 

— 

— 

+ 

8 

2 0 

L 

12 

60 

— 

— 

— 

14 

2 5 

L 

13 

67 

+ 

— 

4- 

55 

2 6 

D 

14 

29 

- 

- 

- 

23 

5 3 

L 


* The term leukopenia refen to those patients with total leukocyte counts of lea than 
10 000 during the acute itaga of the pneumonia. 

1 Refer* to the highest number of pneumococd per oil fanmerslon field during the period 
when sputum specimens were collected. 

of pneumococa per oil immersion field m Wright sta in ed smears from the 
same specimens which were analyzed The single death in the senes was due 
to cardiac failure. The amount of Type I pneumococcus polysaccharide in 
the sputum vaned from 0 8 to 5.3 mg per cent with an average of IB The 
ma-rrrp Aim concentration of Type I S encountered was 10 4 mg per cent in lung 
exudate obtained at autopsy 1 Suffiaent sputum could not be ob tamed from 
this patient to make an analysis 

Table II presents the results of the analyses of 20 specimens of sputum 
from 10 patients with Type II pneumonia It can be noted that the cases 
were more severe in character as judged from the cli n ical and sputum data. 
The am ounts of specific carbohydrate varied from 1 0 to 94 mg per cent with 

1 The results of the autopsy analyses will be reported in a separate communication 
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an average of 16 1 The sputum from patient 24 contained numerous 
pneumococci and the value of 94 mg was only exceeded by a value of 112 mg 
per cent in the lung exudate from the same patient at autopsy 

TABLE H 


Specific Polysaccharide Content of Type II Sputa 


Patient 

No 

Age 

Bacteremia 

Leuko- 

penia 

Multiple 

lobe 

Sputum 

count 

S 

Outcome 

15 

yrs 

43 





5 

mi per cent 

1 0 

L 

16 

56 

+ 

+ 

+ 

12 

i i 

L 

17 

43 

— 

+ 

+ 

48 

3 9 

L 

IS 

61 

4* 

+ 

+ 

23 

8 3 

D 

19 

30 

+ 


+ 

48 

8 6 

L 

20 

66 

4- 

+ 

+ 

18 

8 6 

L 

21 

21 

4- 

— 

+ 

40 

9 8 

L 

22 

35 

4- 

— 

4" 

16 

12 2 

L 

23 

59 

4“ 

+ 

+ 

100± 

13 2 

D 

24 

33 

4" 

+ 

4- 

200± 

94 0 

D 


TABLE m 

Specific Polysaccharide Content of Type VII Sputa 


P»tlent 

No 

Age 

Bacteremia 

Leukopenia 

* 

Multiple 

lobe 

Sputum 

count 

s 

Outcome 

25 

yrs 

38 

+ 


4* 

10 

mi per cent 

1 9 

L 

26 

25 

— 

— 

— 

8 

2 3 

L 

27 

26 

4* 

— 

4* 

14 

3 0 

L 

28 

39 

— 

— 

4- 

4 

4 2 

L 

29 

23 

+ 

+ 

4* 

30 

5 5 

L 

30 

64 

— 

I - 

— 

15 

7 0 

L 

31 

38 

+ 


4- 

60 

7 0 

L 

32 

23 

+ 

— 

+ 

5 

9 0 

L 

33 

20 

— 

— 


3 

10 5 

L 

34 

46 

— 

— 

4- 

4 

18 5 

L 

35 

44 

+ 

+ 

+ 

200± 

20 0 

D 

36 

56 

+ 

+ 

+ 

200± 

76 0 

D 


Table III presents the analytical results of 16 specimens from 12 patients 
with Type VII pneumonia The amounts of specific polysaccharide varied 
from 1 9 to 76 mg per cent with an average of 13 7 The greatest amounts of 
Type VII S were obtained from the sputa of cases 35 and 36 and the maximum 
value of 76 mg was only exceeded by a concentration of 96 mg per cent in the 
lung exudate of patient 36 at autopsy 
Table IV presents the analyses of 16 specimens of sputum from 11 patients 


















TABLE IV 


Specif, c Polysaccharide Content of Type VIII Sputa 


Patient 

No 

Ate 1 

Bieterral* 

Leokopenl* 

MoJtiple 

Jobe 

Sputum 

count 

8 

Outcome 

37 

OJ '■s 

<o 4 

+ 


+ 

23 

HI +*r ermi 

0 5 

L 

38 

29 

— 

+ 

+ 

12 

1 0 

L 

39 

36 

— 

— 


3 

1 0 

L 

40 

38 

— 

- 

— 

25 

1 4 

L 

41 

42 

+ 

+ 

+ 

18 

1 7 1 

L 

42 

40 

— 

— 

— 

6 

2 1 

L 

43 

33 

— 

+ 

— 

13 

3 2 

L 

44 

43 

+ 

+ 

— 

26 

3 8 

L 

45 

66 

+ 

— 

+ 

22 

3 9 

D 

46 

53 


+ 

+ 

15 

6 2 

L 

47 

58 


— 


3 

6 8 

L 


TABLE V 


Specific Polysaccharide Content of Non Rdiculated Type III Sputa 


Patient 

No 

A*« 

Bactac- 

Leuko- 

penia 

Haiti pi* 
lob* 

Sputum 

count 

F.rrro S* 

BeticnU 

tint 

S 

Oat 

ct*ne 

43 

yri 

52 




5 



•r 

ftr carl 

4 0 

L 

49 

37 

— 

+ 

+ 

15 

+ 

— 

4 8 

L 

50 

33 

— 

— 

— 

<1 

— 

— 

6 0 

L 

51 

39 

— 

— 

— 

7 

— 

— 

6 0 

D 

52 

30 

— 

~ 

+ 

13 

— 

— 

8 0 

L 

53 

55 

— 

— 

— 

9 

— 

— 

8 4 

L 

54 

S 7 

— 

— 

— 

<1 

— 

— 

14 0 

:■ 

55 

46 

— 

— 

— 

<1 

— 

— 

20 0 

L 

56 

48 

— 

— 

— 

4 

— 

— 

24 0 

L 

57 

23 

— 

— 

— 

<1 

— 

— 

25 0 

L 

58 

38 

— 

— 

— 

4 

— 

— 

26 0 

L 

59 

36 

— 

— 

— 

1 

— 

— 

26 0 

L 

60 

40 

— 

— 

— 

13 

— 

— 

30 0 

L 

61 

10 

— 

— 

— 

17 

— 

— 

32 0 

L 

62 

43 

— 

— 

— 

<1 

+ 

— 

44 0 

L 

63 

57 

— 

— 

— 

24 

+ 

— 

48 0 

L 

64 

38 

— 

— 

— 

7 

— 

— 

68 0 

L 

65 

23 

— 

— 

— 

5 

+ 

— 

92 0 

L 

66 

42 

— 


— 

6 

— 

— 

92 0 

L 

67 

49 

- 

- 

+ 

51 

+ 

“ 

300 0 

L 


* Ercen S refer* to the amount of capsular carbohydrate observed dunng typing. 

I Classification on the basil of Wright stained iputmn smear* (1 2) 

— rignlfie* that all S present Ii In the capsules of the pneumococci 
+ Of ++ cignihe* that S present U in capsules and In atnrnda connecting two or more 
pneumococci. 

-\-++ oj. 4.-4. -f+ signifies that large amount* of S in the form of atrand* and free masses 
are present 
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with Type VlLi pneumonia The patients in this group were only mildly ill 
as judged from the clinical data and sputum counts The single death was 
attributable to pericarditis and empyema The amounts of specific polysac- 
charide varied from 0 5 to 6 8 mg per cent with an average of 2 9 The maxi- 
mum value of Type VUE S was 25 2 mg per cent obtained at autopsy from a 
patient whose sputum was not analyzed 
Table V lists the results of 32 specimens of sputum from 20 patients with 
Type m pneumonia These cases were classified as non-reticulated on the 

TABLE VI 


Specific Polysaccharide Content of Reticulated Type III Sputa 


Patient 

No 

Age 

Bactere 

mla 

Leuko- 

penia 

Multiple 

lobe 

Sputum 

count 

Excess S 

Reticulation 

s 

Out 

come 

68 

yrs 

61 




29 

_J — y. 

4- 

mg per cent 

18 0 

L 

69 

54 

+ 

- 

+ 

16 

+4 — ! — b 

4- 4-4-4- 

28 0 

D 

70 

33 

+ 

+ 

+ 

12 

+ 

4- 

72 0 

L 

71 

52 

— 

+ 

+ 

59 


+ 

130 0 

D 

72 

63 

+ 

+ 

+ 

74 

4 — b 

+ 

180 0 

L 

73 

53 

— 

— 

+ 

36 



4" 

240 0 

L 

74 

72 

— 

+ 

+ 

38 

+ 4* 

4- 

244 0 

D 

75 

67 

— 

+ 

+ 

| 19 

4-4- 

4-4- 

300 0 

D 

76 

— 

+ 

— 

+ 

4 

4-4- 

4-4- 

340 0 

D 

77 

67 

+ 

+ 

+ 

53 

4-4— (-4- 

4- 4-4-4- 

400 0 

D 

7S 

54 

— 

— 

— 

82 

4-4-4- 

4-4-4- 

640 0 

L 

79 

64 

— 

+ 

— 

13 

4-4- 

4-b 

640 0 

D 

SO 

48 

— 

— 

— 

16 

4- 4- 4- 4- 

4 — 1 — 1 — b 

800 0 

D 

81 

42 

+ 

— 

+ 

29 

4- 4- 4- 4- 

4- 4- 4-b 

1,200 0 

D 

82 

52 

+ 

— 

+ 

36 

4-4-4- 4- 

4- 4-b 4- 

1,440 0 

D 

83 

49 

+ 

4* 

— 

100± 

4 — 1 — (-4- 

4-b 4-b 

2,120 0 

D 

84 

49 

— 

+ 


73 

4- 4- 4- 4- 

4-4— b 4- 

2,200 0 

D 

85 

68 

+ 

— 

+ 

44 

4- 4- 4- 4- 

4- 4- 4- 4- 

4,800 0 

D 

86 

50 

+ 

+ 

+ 

25 

4 — ! — 1 — b 

4- 4-b 4- 

10,000 0 

D 


basis of Wnght’s stained smears of sputum but they were further subdivided 
depending upon the amount of excess polysaccharide observed during the 
Neufeld typing The clini cal data and outcome emphasize the mild character 
of the disease but the amounts of Type HI S recovered from the sputa varied 
from 4 to 300 mg per cent with an average of 45 
The above results are to be compared with those in Table IT which represent 
the analy ses of 29 specimens of sputum from 19 patients who were classified as 
reticulated and in whom the typing reaction revealed an excess of polysac- 
charide This group contained the majority of severely ill Type HI patients 
as can be seen from the incidence of bacteremia, leukopenia, multiple lobe 
involvement, and fatality rate The amounts of specific polysaccharide varied 
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from IS to 10,000 mg per cent with an average of 1,360 The maxim um value 
of 10,000 mg per cent was the largest amount of Type I H S obtained from aU 
of the specimens examined. 


DISCUSSION 

To the authors’ knowledge the above results represent the first at tem pt to 
determine quantitatively the amount of capsular polysaccharide in rusty or 
bloody sputum We do not wish to imply that the values obtained are abso- 
lute. In addition to errors in sampling, extinction, and those inherent in the 
method, the final figures could also vary depending upon the activity of the 
punfied S used m the preparation of the standard curves. In general it can 
be said that the S values obtained both from the reticulated and non reticulated 
Type III spu turns were much higher than had been anticipated The average 
for the reticulated Type HI cases roughly exceeded by 170 times the amount 
of S recoverable from the sputa of cases of Type I, II, VH, and VTTT pneumonia. 
The values in the non reticulated cases were approximately 5 times those 
obtained for the other types. The data again emphasize the atypical character 
of Type III pneumonia 

It can be noted from Tables V and VI that the Neufeld typing reaction is a 
more delicate indicator of the presence of excess S m the sputum than is the 
Wnght stain The latter, however, is a more dependable prognostic aid 
Strands of polysaccharide connecting pneumococa began to be evident m the 
sputum when the concentrations of S approached 40 mg per cent whereas, 
between 100 and 200 mg of S were usually required before reticulation became 
apparent. A few exceptions to this general rule may have been due to errors 
in extraction or to inadequate specimens. The number of pneumococci per 
oil immersion field (sputum count) was generally higher m the reticulated than 
m the non-re ticulated cases and coincided with the amount of S recoverable 
from the sputum This finding, however, did not appear to hold for infections 
due to Types I, II, VH, and VUI pneumococci No obvious explanation for 
this discrepancy is available at present. The data on sputum counts and 
analyses m Type III pneumonia suggest that the amount of S elaborated, 
together with the number of pneumococa in the sputum, should be considered 
in order to evaluate individual cases. The relationship between the sputum 
and autopsy analyses together with additional discussion of the total results 
will be reported in a further communication. 

CONCLUSIONS 

1 The average specific polysaccharide content of rusty or bloody sputa m 
Type HI was 91 times greater than the average for Types I, II, TO, and VIII 
pneumonia. 

2 Those Type HI spu turns which were classified as reticulated contained 
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an average S concentration of 1,360 mg per cent or 170 times more than the 
amount found in other types 

3 Those Type IDE sputa which were classified as non-reticulated contained 
an average S concentration of 45 mg per cent or 5 5 times more than the 
amount found m other types 

4 The amount of specific polysaccharide m the sputa of patients with 
Type HI pneumonia furnishes an index to the seventy of the disease and an 
aid in prognosis 
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THE SPECIFIC POLYSACCHARIDE CONTENT OF PNEUMONIC 
LUNGS* 
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(From the Departments of Bacteriology and Cltmcal Pathology, College of Medicine 

Wayne University, Detroit and the MuJngan Department of Health laboratories 
Lantmg) 

(Received for publication, August 14, 1942) 

The atypical behavior of Type m pneumonia can be explained by the 
hypothesis that the particular pneumococcus responsible for the disease fre- 
quently produces relatively large amounts of capsular carbohydrate os the 
organism grows in the lung The evidence to support this concept was pre- 
sented in a previous communication in which it was reported that the S content 
of Type III sputa exceeded by 91 times the amount found in Types I, H, VTT, 
and VIH specimens (1) The present study which deals with the specific 
polysaccharide content of pneumonic lungs lends further support to the 
hypothesis as given. 

Mdliod 

Portions of lung removed from representative areas at autopsy were kept froaen 
pnor to analysts. The tissues were thawed at room temperature, cut into strips, 
and the exudates were expressed into tubes with a forceps. Measured aliquots were 
then treated and analyted for their S content In a manner similar to that described 
for sputum. (1) Those samples which were subjected to preliminary peptic digestion 
were prepared in the following manner The expressed exudates were divided Into 
two measured portions of 5 to 10 cc. An equal volume of acetate buffer solution and a 
few crystals of thymol were added to each One tube received a small amount of 
crystalline pepsin and the other was left untreated. Both tubes were then corked, 
thoroughly shaken, and placed in the incubator at 37°C. until maximum proteolysis 
had occurred This usually required from 3 to 5 days The subsequent extractions 
and final analyses followed the procedure outlined for spa turn (1) 

RESULTS 

The results of the analyses of 55 specimens of lung from 13 patients with 
Type I, H, VII, and VTO pneumonia are presented in Table L The values 
recorded represent the average mg per cent of S in one or more lobes which 
showed the pathological changes indicated The amounts of S recovered from 
the lungs varied from none in an uninvolved lobe to 112 mg per cent in a gray 
hepatized lobe with an average yield of 20.3 mg per cent for the total specimens 

* Supported by a grant from the Commonwealth Fund to the Michigan Department 
of Health Laboratories. 
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examined While the number of cases of any one type was too small for 
comparative figures, more S was found m Type II and VII than m Type I 
and VUI cases The yields of S from the sputum were comparable with those 
from the lungs, with the exception of case 4 It was also noted (Table I) 
that the amount of S varied with the stage of consolidation The average 
figures were 33 mg per cent for the gray hepatized lobes, 21 6 mg per cent for 
those in the red stage, 14 9 mg per cent for the edematous and congested areas, 
and only 3 S mg per cent in umnvolved lobes 


TABLE I 

Specific Polysaccharide Content of Type I, II, VII, and VIII Lungs 


Case No 

Type 

Sputum S 

Gross lung pathology 

Gray S 

Red S 

Edema S 

Unnivolved 

S 

Average S 



mg per cent 

mi per cent 

mg Per cent 

mg per cent 

mg per cent 

ms ter cent 

i 

I 

— 

1 6 

3 4 

4 7 

3 2 

3 2 

2 

I 

— 

10 4 

1 4 

5 4 

7 0 

6 1 

3 

n 

13 2 

12 4 

— 

3 5 

— 

8 0 

4 

n 

3 2 

23 4 

— 

0 7 

— 

12 0 

5 

n 

94 0 

112 0 

17 3 

0 8 

— 

43 4 

6 

vn 

— 

20 0 

— 

13 0 

— 

16 5 

7 

vn 

20 0 

51 0 

35 0 

54 0 

— 

46 6 

8 

vn 

76 0 

88 0 

84 0 

58 0 

— 

77 0 

9 

vn 

— 

40 0 

10 0 

21 0 

0 0 

18 0 

10 

vn 

— 

5 2 

— 

— 

5 0 

5 1 

11 

vm 

— 

— 

0 3 

0 25 

— 

0 28 

12 

vm 

3 9 

8 2 

— 

2 4 

— 

5 3 

13 

vm 

— 

23 0 

— 

— 

— 

23 0 

Average. 

35 0 

33 0 

21 6 

14 9 

3 8 

20 3 


During the study it soon became evident that the S yields from the sputum 
in Type EH pneumonia were greater than those from the lungs of the same 
patients as illustrated by cases 15, 16, and 17 m Table II Inasmuch as the 
lungs from these patients showed reticulation in the Wright stained smears, 
a branching fibrin-like network of material originating m the capsules of the 
pneumococci (1), and as well as excess capsular carbohydrate in the “quellung” 
reaction, it was felt that maximal values were not being ob tamed We there- 
fore decided to subject the lung exudates to peptic digestion prior to extraction 
When this was done the yields of S from the lung almost invariably exceeded 
those from duplicate samples treated identically except that no pepsin was 
added The final S values after peptic digestion were also comparable with 
those from the sputum in the same patients as illustrated by cases 19, 21, and 
23 m Table II 
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The results of the analyses of 43 specimens from 10 patients with Type Td 
pneumonia ore presented in Table EX' The amounts of S recovered from the 
lungs varied from none in an unmvolvcd lobe to 5,440 mg per cent in an ede- 


TABLE n 

-E/ol d Peptic Dilation on tic Sptafic Polyvucharidt Contact of Typo III Lm |i 


CuiNo, 

Ixbtt 

Untreated S 

Tmud with 
pepaiiiS 

Spa tan S 



•I t*< cr*t 

«j ftrami > 

ml ftr tnl 


LLL 

26 0 

— 



LUL 

16 S 

— 


15 

RUL 

15 0 

— 

90 0 


RLL 

3 0 

— 



RML 

1 0 

— 



LUL 

36 0 





RUL 

16 0 

— 


16 

RML 

9 2 

— 

128 0 


RLL 

6 0 

— 



ILL 

2 0 

— 



LUL 

1M 0 





RUL 

44 0 

— 


17 

RAIL 

32 0 

— 

416 0 


RLL 

30 0 

— 



ILL 

12 0 

— 



RLL 

92 0 0 

1 210 0 



RML 

140 0 

1 200 0 


19 

LLL 

33 6 0 

1 160 0 

1 200 0 


RUL 

304 0 

440 0 



LUL 

0 0 

— 


21 

RLL 

LLL 

54 0 

280 0 

2 760 0 

400 0 

2 120 0 


RLL 

S 120 0 

5 920 0 


23 

RUL 

LUL 

5 440 0 

3 600 0 

4 800 0 

4 080 0 

1 440 0 


ILL 

560 0 

2 160 0 



matous and congested lobe, with an average yield of 1,227 mg per cent for the 
total specimens examined. The average yield of S exceeded by 60 tunes the 
amount recovered in Type I H, VH, and VHt cases The sputum yields, 
as was expected, were also higher t han the average shown in Table I The 

'The values in cases 18 through 23 were based on data from ipeomens which 
received preliminary peptic digestion. 
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gray hepatized lobes contained 1,574 mg per cent with s imila r values of 1,536 
mg per cent m the red stages, and 1,123 mg per cent m the edematous and 
congested areas The amount of polysaccharide in the lungs, as in the sputum 
(1), appeared to increase with the degree of reticulation 

TABLE HE 


Specific Polysaccharide Content of Type III Lungs 


Case No 

Sputum S' 

Gross changes in the lung 

Reticulation 

Gray S 

Red S 

Edema S 

Uninvolved 

S 

Average S 


mg Per cent 


mg per cent 

mg per cent 

mg per cent 

mg Per cent 

me ter cent 

14 

— 

+ 

36 0 

— 

16 0 

— 

26 0 

15 


*4 — b 

26 0 

— 

8 3 

6 5 

13 6 

16 


+ 

12 6 

— 

14 6 

1 

13 6 

17 


++++ 

— 

28 5 

74 0 

22 0 

41 5 

18 

- 

++ 

— 

544 0 

— 

42 0 

293 0 

19 


4 - 4 - 4 - 

946 0 

1,160 0 

— 

0 0 

702 0 

20 

— 

4 — 1 — 1 — 1- 

1,960 0 

1,080 0 

— 

— 

1,520 0 

21 

2,120 0 

4 — 1 — 1 — h 

2,760 0 

400 0 

144 0 

— 

1,101 0 

22 

— 

4 — 1 — 1 — h 

_ 

2,750 0 

5,440 0 

1,360 0 

3,180 0 

23 

1,440 0 

4 — 1 — ! — h 

5,280 0 

5,000 0 


— 

4,150 0 

Average 897 0 

1,574 0 

1,536 0 

1,123 0 

358 0 

1,227 0 


TABLE IV 

Specific Polysaccharide Content of the Lungs m a Mixed Type III and VII Pneumonia 

Presumably 


Lobe 

Pathology 

Type III S 

Type VH S 



mg per cent 

mg per cent 

RUL 

Gray 

80 0 

9 0 

RLL 

Congested 

48 0 

6 0 

LLL 

Congested 

36 0 

70 

LUL 

Edema 

72 0 

0 0 


Patient 14 in Table II is also listed as No 6 in Table I because he was ad- 
mitted to the hospital with a Type VII bacteremia which responded to treat- 
ment with sulfapyndine He later succumbed to what appeared to be a 
terminal Type HI pneumonia Analyses for Type III and VII polysaccharide 
were made on duplicate samples of exudate from the various lobes Although 
we failed to recover Type VII pneumococa from the lungs by mouse passage 
and only' a few Type HI organisms were demonstrable by' direct typing, 
appreciable amounts of both III and VH polysaccharide were obtained, as 
shown m Table IV In view of these findings, it seemed likely that the infec- 
tion was a mixed one from its onset 
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DISCUSSION 

The specific polysaccharide recovered from the lungs and sputa (l) of patient; 
with Type ITT pneumonia greatly exceeded the yields obtained in Tirpes I 
IT VII, and VIZI pneumonia He do not wish to imply that maximum lung 
values hate been determined for each tvpc since it is not certain that the best 
method of extracting S had been developed. The addition of pepsin greatly 
increased the recor crablc S in Type in cases and it seems likely that snndai 
treatment would also increase the yields in cases infected with other types. 
The average amount of S in the sputa of types other than HI was 8.S mg pei 
cent for the total number of specimens examined and 31 1 mg per cent for the 
7 cases which died (1) The latter figure compared favorably with the average 
yield of 20.3 mg per cent from the lungs in similar cases The average amount 
of S in the sputa of Type m cases was 887 mg per cent for the total number of 
specimens examined and 1,643 mg per cent for the 15 rases which died (1) 
The latter figures compare favorably with the average yield of 1,227 mg per 
cent from the lungs of Type in cases The amount of S in the sputum and 
lungs of fatal cases of Type in pneumonia exceeded by S3 and 60 times re 
spectively the values obtained for the other types studied The dose relation 
ship between the yields of S m the sputum and the amounts recovered from the 
lungs at autopsy suggest that the former could be utilized as a measure of the 
latter 

We have not attempted to correlate the polysaccharide content of sputa 
and lungs with the well known observations concerning S in blood and urine 
(2-5) However it may be remarked that Tocher, and Avery (2) found 
polysaccharide in the blood in 4 out of 4 cases of Type III pneumonia m 
contrast to 4 out of 21 infections caused by Types I and It In a recent paper 
Bukantx el al (5) reported that S appeared m the blood most frequently in 
Type HI cases and was detectable for long periods of time To the authors* 
knowledge the only studies dealing with specific polysaccharide in the lung 
have been those of Nye and Hams (6) They utlbred the precipitin test and 
estimated the S content by comparison with a known amount of polysaccharide. 
The maximum values which they obtained were S 400 mg from the lungs of a 
Type IH case and 2,300 mg from a Type I patient. For purposes of comparison 
we have roughly estimated the amount of S m the entire lungs of 3 cases. The 
calculations were based on our data and the excess weight of the lungs as com 
pared with normal In the first case (No 5, Table I) it was estimated that a 
total of 12,500 mg of Type H S was present The figure of 31, 800 mg ofType 
TTT S was obtained for the second, and the maximum yield of 68,500 mg of Type 
HI S was believed present m the third (Nos. 22 and 23, Table HI) Approx 
nnately 750,000 mg of antibody nitrogen or 500 milhon units oi scrum would 
be required to neutralise 68,500 mg of polysaccharide These findings lend 
further support to the opinion expressed by one of us (7) that the immunological 
and mechanical difficulties to which such large amounts of S would subject the 
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body defenses might account both for the failure of serum and the high 
incidence of multiple lung abscesses in Type III pneumonia 

CONCLUSIONS 

1 The specific polysaccharide content of pneumonic lungs in Type TTT 
pneumonia was 60 times greater than in Type I, U, VII, and VJJU cases 

2 The highest values were obtained from gray hepatized lobes, but the red 
hepatized and edematous areas also contained large quantities of S 

3 Comparable yields of polysaccharide were recovered from the sputa and 
lungs of fatal cases 

4 Preliminary peptic digest of lung exudates increased the S yields 

5 The data support the hypothesis that the outcome m Type m pneumonia 
is related to the ability of the pneumococa to produce capsular polysaccharide 
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hypoproteinemia as protection against mercuric 

CHLORIDE INJURY IN DOGS* 
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(Received for publication, August 3, 1942) 

During the course of experiments designed to determine whether heavy metal 
poisoning is influenced by altering the plasma protein level, it was found that 
hypoproteinemia produced by repeated plasmapheresis rendered dogs more sus 
ceptible to uranium nitrate injury (3) Whereas the majority of nor mal adult 
dogs will survive the a dminis tration of 4 0 mg of uranium nitrate per kg 
(4), the dose had to be reduced to 2 0 mg per kg before a dog with depletrxl 
plasma proteins survived *1116 question naturally arose, would increasing the 
concentration of the blood plasma proteins protect against heavy metal m 
jury When the procedure was reversed, ue when the dog's protein level was 
increased from a normal of about 6.5 per cent to 9 or 10 per cent by repeated 
doily injections of plasma obtained from healthy donor dogs and the dose of 
uranium nitrate was increased from 2 0 to 5 0 mg per Lg (a dose that proved 
fatal to 13 of 14 controls (5)), no protection was demonstrable Instead acute 
necrotizing arterial lesions affecting principally the large ela sbe arteries (aorta, 
pulmonary artery, endocardium of the left auncle, etc.) were found when the 
dogs died from “uremia'’ with massive necrosis of the renal tubules 8 to 17 
days after the injection of uranium nitrate (6) These artenal lesions were the 
subject under investigation at the time the findings reported in this paper were 
uncovered As was to have been expected from the general similarity of action 
of uranium nitrate and mercuric chloride, hy/wproteinenua likewise failed to 
protect against merenne chloride poisoning, similar acute necrotizing artenal 
lesions were found m both dogs on which this procedure was tried (7) These 
experiments did not prepare the authors for the findin g that hypoproteinemia 
completely protected dogs against doses of mercuric chloride which were 
uniformly lethal to dogs with normal blood proteins. Yet the data presented 
below support this conclusion 

None of the theories about the action of mercury m therapeutic or toxic doses 
satisfactorily exp lains all the actions of this heavy metaL Mercury is usually listed 
as a general protoplasmic poison and many of its actions are attributable to the fact 

* This work has been aided by grants from The John and Mary R. Markle Found* 
toon and The Josiah Maty Jr , Foundation 
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that as a heavy metal it can act as a protein precipitant This concept hardly 
explains the cunous coagulative necrosis of the proximal convoluted tubules of the 
Lidnev within 12 to 24 hours after intravenous administration and the subsequent 
stomatitis and gastroenteritis when presumably it would have an almost equal oppor- 
tunity to precipitate even' protein in the body Nor does the explanation that it 
reaches an effective concentration — by reabsorption of water — in the kidneys and 
colon (sites of elimination) harmonize wnth recent chemical analyses (1) which show 
that most of the mercury is stored in the bones and m the hver Inert complex salts 
have been postulated and some have been isolated (2) to reconcile the absence of 
demonstrable lesions at the sites of maximum concentration of the metal Pre- 
sumably these inert salts change as the metal is eliminated, but many gaps in our 
knowdedge still exist 

Methods 

All of the dogs used m these experiments were healthy adult mongrels ranging m 
weight from 4 to 19 kg and m estimated age from 1 to 3 years (pups and old dogs 
were excluded) Tbev were kept in individual cages and had free access to water at 
all times The diet fed the experimental animals and an equal number of the con- 
trols consisted of calves’ hver (raw wet weight) 32 parts, cane sugar 25 parts, com 
starch 25 parts, butter 12 parts, cod hver oil (commercial) 6 parts Enough tomato 
juice was added to make a paste of which each gram contained 3 calories 1 gm 
of McCollum-Simmonds salt mixture (8) and 5 gm of kaolin were thoroughly mixed 
with each day's diet Essentially the diet is a low protein diet containing, on a caloric 
basis, 7 per cent protein (all denved from liver), 50 per cent carbohydrate, and 43 
per cent fat The diet was fed in amounts to furnish 75 calories per kg per day 
Accurate records were kept of food consumption The remaining control dogs were 
fed the regular kennel ration of cooked meat scraps and uncooked bones with occa- 
sional feedings of punna dog chow Some of the control animals received intra- 
venous injections of trisodium citrate before and after the administration of the 
heavy metal The procedure was similar to that used m pubhshed experiments with 
uranium nitrate (5) Since no difference could be detected clinicallx , chemically, or 
anatomically, all of these control dogs have been grouped together 

The methods for establishing the “standard hypoproteinemic state” have been 
pubhshed m detail (9) Briefly these consist of 1 week’s fasting followed by the 
daily removal of approximately 20 to 25 per cent of the total blood volume of the 
dog and the reinjection of an equivalent amount of red blood cells suspended in a 
saline solution With the dog being maintained on the standard low protein diet 
after the week of fasting, this procedure repeated daily 6 days per week for 2 to 3 
weeks lowers the concentration of the blood plasma proteins from a normal of about 
6 5 per cent to about 4 per cent and presumably exhausts all the “protein reserves ” 

Duplicate micro Kjeldahl analyses of total nitrogen, non-protein nitrogen (the 
filtrate from 10 per cent trichloroacetic acid precipitation), and albumin plus non- 
protein nitrogen (the filtrate from 22 per cent sodium sulfate precipitation by Howe’s 
method) sen ed as the basis for calculation of the plasma protein remo\ cd and blood 
le\el studies 

The mercunc chloride used in these studies was Baker’s analyzed, lot 6939, and 
was made up in 0 1 per cent aqueous solution with distilled wrater The injections 
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were made into the external jugular vein, each dog receiving 3 0 cc (3 0 mg ) per kg 
About 5 minutes were required for the Injections. No immediate reactions such as 
vomiting were noted 

The experimental animals were kept under close observation were sacrificed with 
ether if they were obviously moribund and were necropsied promptly after death. 
Routine sections, taken from all organs and from many of the tissues, were fixed in 4 
per cent solution of fonnaldeh>de and Zenker’s solution. In some of the control 
dogs onl\ sections from the liver and from both kidneys were studied The tissues 
fixed in Zenker a solution were embedded in paraffin sectioned at 6 microns and 
stained routine!} with hematoxylin and cosin. Appropriate special stains were used 
in selected cases. 

EXPERIMENTAL OBSERVATIONS 

The firet procedure was to establish the minimum lethal dose of mercuric 
chloride The literature on this subject is conflicting The most definite 
statements are based on administration by the intravenous route Sansum (10) 
states * The minimum uniformly lethal intravenous dose of mercunc chloride 
in dogs was found to be 4 mg per kg body weight (1 1000 solution injected 
uniformly during 15-60 minutes),” and the efficacy of this dosage has been 
confirmed (11,12) Havill, Lichty, and Whipple (13) found this dose too large 
and stated that the minimum lethal dose for dogs is 1 .5 to 2 0 mg per kg Asa 
starting point we decided to use 3 0 mg per kg , and as can be seen from Table 
I this dose proved uniformly fatal to 12 dogs with normal blood proteins in 
4 to 1 1 days All of the dogs became sick refused food, and exhibited marked 
nitrogen retention The kidneys of all of these dogs showed the classical 
picture of massive necrosis of the epithehum lining the proximal convoluted 
tubules (Fig 1) Calcification was marked, as early as 4 days after the injection 
and there was only slight evidence of regeneration as late as 11 days Prac 
tically all of these dogs showed extensive necrotizing stomatitis and several 
had acute inflammatory lesions in the stomach and colon The three dogs 
which were fed the standard diet did not differ from those which were fed the 
kennel diet. 

In sharp contrast to these results the three dogs reduced to the standard 
hypoproteinemic state by bleeding and return of the washed red blood cells 
suspended m saline showed practically no effects following the administration 
of the same dose of the same standard solution of mercunc chlonde (Table U) 
None of these dogs became sick, none refused food for a single day, none showed 
elevation of the blood non protein nitrogen, and the kidneys both in the gross 
and microscopically appeared normal when they were examined 8, 14 and 45 
days after the mj ection of the heavy metal (Figs 2 to 4) None of the dogs had 
anv ‘hemolytic reactions” during the period of plasmapheresis and none showed 
an} pigment in the kidnej on histological stud} In other words, there is no 
evidence that the protective action of hypoproteinemia was in any way related 
to hemoglobm in the manner demonstrated by Havill, Lichty, and Whipple 
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TABLE I 

Intravenous Administration of 30 Mg of Mercuric Chloride -per Kg Uniformly Fatal to Dogs 

Regardless of Diet 


Dog No 

Diet 

Body 

weight 

HgClj 

Death 

after 

Terminal 

NJ>.N 

Kidney* 

Necrosis 

Calcification 



*£ 

mi /k[ 

days 

mg 1100 cc 



41-88 

Kennel 

17 5 

3 0 

4 

330 

+++ 

+i 

41-96 

it 

12 0 

3 0 

11 

692 

++t 

++t 

41-97 

tt 

14 8 

2 0 

9 

531 


+t 

B-30 

It 

18 4 

3 0 

5 

2075 

' +++ 

| ++t 

B-31 

tt 

19 2 

3 0 

10 

320|| 

+++ 

4 — 1 — I- 

B-32 

it 

8 5 

3 0 

5 

295§ 

+++ 

+ 

B-33 

tt 

7 5 

3 0 

5 

220§ 

+++ 

+++ 

B-34 

It 

9 0 

3 0 

4 

230 IT 

+++ 


B-35 

tt 

8 9 

3 0 

4 

210V 

+++ 


42-2 

Standard 

5 7 

3 0 

6 

436 

+++ 

"f" 

42-3 

it 

5 3 

3 0 

4 

289 

+++ 

+++ 

42-4 

tt 

3 5 

3 0 

5 

374 

+++ 



* The extent of the lesion has been graded as follows + slight, ++ moderate, +++ 
marked 

J Slight evidence of regeneration 
§ N P N 2 days before death. 

|| “ 3 “ “ “ 

*f “ 1 daj 


TABLE H 


Intravenous Administration of 30 Mg of Mercuric Chloride per Kg without Efect in "Standard 

Hypoprotetnemic Dogs’’* 


Dog Iso 

Body 

weight 

No of 
exchanges 

Total 

plasma 

Plasma protein 
concentration 

HgCh 

Hichest 

NJN 

Sacrl 

ficed 

after 

Kidney 


At start ' 

At end 

40- 81 

41- 90 
41-95 

5 0 

7 4 

9 5 

12 

18 

17 

cc 

1078 

1956 

1949 

(m 1100 
cc 

7 3 

8 2 

6 7 

[m /100 1 
cc 

4 6 

4 1 

4 3 

me tH 

3 0 

3 0 

3 0 

20f 

31 

22f 

days 

45 

14 

8 

Normal 

tt 

tt 


* All three dogs maintained on standard diet. 

J It is worth recording that the N P.N actually fell to 14 mg per 100 cc. on the 10 th day 
after the mercury in the case of dog 40-81, and to 16 mg per 100 cc. on the 7 th day in the 
case of dog 41-95 No such fall was observed in dog 41-90 

(13) The only findings that could be attributed to the mercury were small 
focal areas of stomatitis on the mucous membranes of the upper bp In dog 
41-95 the process was acute, m dog 41-90 the process was healing, and m dog 
40-SI the process had healed 
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A limited number of experiments have failed to demonstrate any protective 
action of plasmapheresis after the injection of mercuric chloride The iollmnng 
protocol is illustrative of the results obtained' — 

Dog 41 99 Male mongrel estimated age 1 year Kennel diet 

Nov 27, 1941 Weight 5 .58 kg Control blood studies hematocrit 35 per cent, 
non-proten nitrogen 33 mg per 100 oc, blood plasma proteins 7 1 gm. per 100 cc.' 
albumin globulin ratio 0.83 16 74 cc. of 0 1 per cent solution of mercuric chloride 

injected into external jugular vein 2 30-2 35 pm., followed by 3 plasmaphereses as 
follows 1st exchange (155 cc. bled 60 cc. packed red blood cells— obtained from 
donor— suspended m saline injected) completed at 2 50 pan. 2nd exchange (125 cc. 
bled , 50 cc. packed cells injected) completed at 4 30 p.m. 3rd exchange (80 cc. bled 
50 cc. packed cells injected) completed at 6 15 pm. 

No\ 28, 1941 Weight 5 20 kg Some retching and vomiting thf* am, 4th 
exchange (160 cc. bled, 72 cc. pocked cells injected) completed at 11 00 am , 5th 
exchange (125 cc. bled 54 cc. packed cells injected) completed at 3 00 pm. 

Nov 29, 1941 Weight 5 00 kg No food consumed once injection of mercury 
Obviously sid: this am. Blood studies (sample at 8 45 am.) plasma fomtly ic 
tenc, hematoent 35 per cent non-pro tern nitrogen 206 mg per 100 cc. blood plasma 
proteins 5 7 gm. per 100 cc. albumin globulin ratio 0 97 Died at 1 00 pm 

Necropsy re\caled extensive necrosis and calcification of the epithelium Iming the 
proximal convoluted tubules (Fig 5) moderate fatty change m the liver with early 
central necrosis and focal hemorrhagic necrosis m the mucosa of the colon 

Replacement of about 125 per cent (5 exchanges totalling 645 cc.) of the total 
circulating blood volume with washed red blood cells suspended m saline within 
24 hours after the injection of mercuric chloride failed to afford any protection 
against the heavy metaL Rather the typical coagulative necrosis and calafi 
cation of the renal epithelium appeared to be augmented and accelerated by the 
plasmaphereses. Similar results were obtained by Haskell, Hamilton, and 
Henderson (11) following “exsanguination transfusion” in dogs after the in- 
travenous administration of 4 0 mg of mercuric chloride per kg 

discussion 

The authors have no satisfactory explanation for the finding that standard 
lethal doses of mercuric chloride produce little or no effect m hypoproteinemic 
dogs It would appear that hypoproteinemia cannot be used to combat 
mercuric chloride poisoning which is already under way This is in harmony 
with the results of Haskell, Hamilton, and Henderson (11) who found “exsan 
guination-transfusion” ineffective in the treatment of mercuric chloride 
poisoning Apparently the hypoproteinemia must precede the administration 
of the mercury Much work remains to be done before the degree and duration 
of hypoproteinemia that must exist for this protective action — also the limit 
of this protective action — can be established. One possible therapeutic benefit 
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might result from the effort — mercurial diuretics such as salyrgan and novasurol 
might be used with greater assurance for the patient’s safety incasesof nephrosis 
and nutritional edema 

The finding that hypoproteinemia protects against mercunc chlonde injury, 
contrasts sharply with the results of similar experiments with uranium nitrate 
in which it has been shown that the hypoprotememic state renders the animals 
more susceptible to uranium (3) The results with mercury, though based 
on a small number of animals, are uniform and very sharp, and warrant the 
hypothesis that the mode of action of the two heavy metals is different At 
least a tool is presented by which this aspect of the subject can be investigated 

Another fact that seems to be dearly established is that reversal of the pro- 
cedure — /;y/>erproteinemia by plasma injections instead of hypoproteinemia by 
plasmapheresis — failed to demonstrate any difference between the two heavy 
metals There was no protective action against either heavy metal and simi lar 
acute necrotizing arterial lesions were found after the administration of both 
uranium (6) and mercury (7) 

While “normal” and “hyperproteinemic” dogs react similarly to uranium and 
mercury, a striking difference in the action of the two heavy metals is demon- 
strable in standard hypoprotememic dogs with “reserve stores” of protein 
exhausted Following uranium the hypoprotememic dog quits eating, develops 
acidosis and marked nitrogen retention, and dies 6 to 17 days later with massive 
necrosis of the proximal convoluted tubular epithelium The only difference 
between the hypoprotememic and the normal dog is that m the former Jess 
uranium is required to produce these classical results Following the intra- 
venous administration of a dose of mercury, uniformly fatal to normal dogs, 
the hypoprotememic dog fails to show any evidence of illness Appetite and 
body weight v, ere maintained m our animals, there was no nitrogen retention, 
and the kidneys both m the gross and histologically appeared normal when the 
dogs were sacrificed 8, 14, and 45 days later There is no evidence — such as 
calcification, mitoses, or basophilic “flattened epithelium,” emphasized by 
MacNider (12) — that the kidneys of these dogs would have shown any change 
if examined earlier than 8 days And with the exception of small localized 
areas of healing stomatitis on the mucous membrane of the upper lips none 
of the other organs or tissues showed any changes that could be attnbuted to 
the heavy metal 

Four or five mechanisms come to mind that might explain findings, but the 
available data do not allow a satisfactory evaluation of any of them The 
simplest purely theoretical explanation for the observed phenomena is that the 
establishment of the hypoprotememic state depletes something (presumably 
fabricated or concentrated in the kidney cortex) and this substance is not 
available to be acted on by the heavy metal Still other possibilities arc (1) 
The hypoprotememic state fails to “hold” the mercury protemate (this 
hvpothesis involves differential solubilities m different concentrations of 
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proteins) , (2) The acid base balance may be upset and the pH of the medium bo 
changed that it favors a shift from “toxic" to “non toxic” mercurial compounds, 
(3) blood calcium may be altered and if mercury “follows” calcium as Young, 
Taylor, and Memtt (1) have shown, this may account for the failure of mercury 
to reach “effective concentration,” (4) the reducing powers of the blood — 
c § txs that of the suffhydryl groups — may be altered as postulated by Miller 
and Whipple (14, 15) to explain the increased susceptibility of standard 
hypoproteinemic dogs to chloroform anesthesia and the protective action of 
methionine and cystine against this increased susceptibility Further specula 
tian seems inappropriate at this time the data had best rest on their own merits. 

SUMMARY 

Twelve control dogs receiving a single intravenous injection of mercuric 
chloride, 3 0 mg per kg , all died within 4 to 11 days afterwards with marked 
nitrogen retention and extensive necrosis and calcification of the epithelium 
lining the proximal convoluted tubules. 

Three dogs of comparable age and weight were reduced to a standard 
hypoproteinemic state by repeated plasmapheresis Each dog then received 
the same dose of mercuric chloride as the controls. None of these dogs became 
sick, none showed any elevation of non-protem nitrogen, and the kidneys— 
both in the gross and histologically — appeared normal when they were exam- 
ined 8 to 45 days later 

As tested thus far intensive plasmapheresis following the injection of mer 
curie chloride has been without effect m preventing the classical changes of 
mercunc chlonde injury observed m the control dogs. 

The simplest explanation for these phenomena is that mercuric chlonde acts 
on a more or less specific substance (presumably fabneated or concentrated 
in the renal cortex) which is depleted in the standard hypoproteinemic state 
Other possibilities are mentioned 

These findings are in sharp contrast to the results of si milar experiments 
with uranium nitrate The hypoproteinemic state appears to render the 
animals more susceptible to uranium injury (3) This probably indicates that 
the mode of action of the two heavy metals is different 

CONCLUSION 

Lethal doses of mercunc chlonde produce little or no effect in standard hypo- 
proteinemic dogs. 
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EXPLANATION OF PLATE 28 

All sections of kidney fixed in Zenker’s fluid and stained with hematoxylin and 
eosm 

Fig 1 Dog 42-2 Normal dog on “standard diet” for 6 weeks 6 days after mer- 
curic chloride Typical coagulative necrosis of proximal convoluted tubules X 145 

Fig 2 Dog 40 81 Hypoprotememic dog Absence of an> evidence of injury 
45 days after mercuric chlonde X 148 

Fig 3 Dog 41-95 Hypoprotememic dog Absence of any evidence of injury 
8 dajs after mercuric chlonde X 170 

Fig 4 Dog 41-90 Hypoprotememic dog Absence of any evidence of injury 
14 days after mercunc chlonde X 88 

Fig 5 Dog 41-99 Normal dog on kennel diet Mercuric chlonde followed by 
intensive p lasma pheresis Extensive necrosis with marked calcium deposition in 
proximal convoluted tubules 2 days after heavy metal X 360 
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Evidence ros a Dynamic EQtrajBaiuii between Food, Plasma, 
and Tissue Proteins* 

Br RUSSELL L. HOLMAN 

{From the Deportment of Pathology , University of North Carolina , Chapel HOI and the 
Department of Laboratories, Watts Hospital Durham North Carolina) 

(Received for publication, August 3, 1942) 

During recent years the use of plaama transfusions has become widespread 
and increasingly so of late as a result of war conditions More and more 
the need for really large amounts of plasma in treating certain types of cases 
is being appreciated. The data presented in this paper should be of interest 
to those engaged in studying the quantitative aspects of such therapy Fur 
ther these data have certain theoretical implications that bear upon the more 
general problems of plasma protein formation and protein metabolism. 

Hyperproteinemia can regularly be produced in dogs, and presumably in 
other species of animals, by repeated injections of plasma obtained from 
homologous donors Almost none of the rejected protein escapes re the urree 
as protein, nor is it eliminated quantitatively as increased urinary or fecal N*. 
While no direct measurements have been made re dogs, Addis’ results following 
retrapentoneal rejections of serum re rats (1) indicate that the protein content 
of all of the viscera and tissues is increased. The greatest recrement is m the 
serum, next in the liver, but all organs and tissues show a definite increase in 
protein content. 

Practically all of the experiments to date (2-6) have been earned out with 
the recipient of the plasma or serum injections maintained re a fasting state or 
receiving only sugar, or sugar and fat, by mouth A prion one would expect 
that plasma rejections re an animal maintained on a full diet or a high protein 
diet would yield summation effects and result in a more marked hyperpro- 
teinemia In the experiments reported below t h is does not happen, re fact, a 
significantly higher hyperproteinemia is produced when the animals are ma i n 
tamed on a low protein diet than when a hi gh protein diet is given. This 
seeming paradox is open to a number of interpretations but all of them seem 
to Imply an equilibrium between food, plasma, and tissue proteins 

• This work has been aided by a grant from The John and Mary R. Markle Foun 
elation. 
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Methods 

All of the dogs were healthy adult mongrels Small dogs (about 5 0 kilos) were 
chosen so that increase of the plasma protein level could be accomplished without 
using too great quantities of blood They were kept in individual cages and had 
free access to water at all times One group was fed a high protein diet, the other 
group a low protein diet 

The high protein diet consisted of lean beef — 25 gm per kg per day — to which 1 
gm of the salt mixture (7) was added 

The low protein diet consisted of calves’ liver (raw wet weight) 32 parts, cane 
sugar 25 parts, com starch 25 parts, butter 12 parts, and cod hver oil 6 parts 1 gm 
of salt mixture (7) and 5 gm. of kaolin were thoroughly mixed with each day’s diet 
Enough tomato juice was added to make a pasty mixture of which each gram con- 
tamed 3 calories The diet was fed in amounts to furnish 75 calories per kg per day 
Essentially this diet is a low protein diet with 7 per cent of its calonc value derived 
from protein, 50 per cent from carbohydrate, and 43 per cent from fat. 

All of the dogs in both groups consumed 100 per cent of the diet each day 

The methods used in making the dogs hyperproteinemic have been published in 
detail (2, 8) Briefly these consisted of bleeding a donor — a sufficient number of 
large dogs (15 to 25 kg ) were used so that anemia did not develop — about 200 cc 
into a flask containing 2 5 cc. of a saturated solution of tnsodium citrate, centrifuging 
the citrated blood in 100 cc centrifuge tubes at 3000 uni for 30 minutes, with- 
drawing the plasma (usually 100 to 110 cc) with suction, warming it to 40°C , and 
injecting it into one of the external jugular veins (about 10 minutes being required 
for each injection) This procedure was repeated daily, 6 days per week, for 3 to 
4 weeks 

Duplicate micro Kjcldahl analyses of total N, N P N (the filtrate from 10 per cent 
trichloroacetic acid precipitation) and albumin plus N P N (the filtrate from 22 per 
cent sodium sulfate precipitation by Howe’s method) served as the basis for calculat- 
ing the blood level studies AH of the recorded studies were made on hematocrit 
samples (using 2 0 cc. of 1 4 per cent sodium oxalate and 10 to 13 cc of blood), and 
the “final samples” were taken at least 18 hours after the last injection of donor's 
plasma 


EXPERIMENTAL OBSERVATIONS 

The experimental data are summarized in Tables I and II 
In dogs co nsumin g a high protein diet (Table I) the intravenous injection 
of plasma obtained from healthy donor dogs, amounting in all to five or six 
times the quantity of plasma protein m circulation at the start, resulted in 
only a moderate increase m the concentration of the blood plasma proteins 
The average increase was 20 per cent As would be expected, there was a fall 
in the hematocrit reading but this -was not great — ranging from about 5 
per cent in dog 35-693 to about 28 per cent m dog 40-60 and averaging 18 
per cent “Final” blood and plasma volume studies made m isolated cases 
in this senes agree w ith previous observations (2, 3) that these are increased 



* Initial value — before fim plasma injection. 

I Final value — 18 to 24 hour* after last plasma Injection. 

TABLE n 

Plasma Injedbns in Dots an Lme Proton Disi 
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both groups In the group on the low protein diet (Table II) the albumin 
globulin ratio fell m every instance and m some of the dogs (e g 40-50) this 
change was marked The average reduction in this ratio in the six dogs 
on which it was deter mined was ahout 30 per cent There were no significant 
changes m plasma N P N or in body weight 

Following cessation of the daily injections, the plasma protein level returned 
to approximately normal in about 2 weeks regardless of diet 

DISCUSSION 

A dynamic equilibrium between food, plasma, and tissue proteins was postu- 
lated by Holman, Mahoney, and Whipple m 1934 (2) The evidence which 
has accumulated since that time has lent support to this view The subject 
has recently been reviewed by Madden and Whipple (9) and by Whipple (10) 

Briefly stated this concept implies that food protein, absorbed from the 
gastrointestinal tract as amino acids, can be fabricated into units (or aggre- 
gates) in one portion of the body for utilization in another part of the body 
During transport these units (or aggregates) constitute part of the plasma 
proteins It is probable that a large portion of this synthesis takes place 
m the hver, but other tissues are undoubtedly mvolved, e g antibody (globulin) 
formation by lymph nodes and insulin production by the islets of Langerhans, 
and it is not improbable that much of this equilibrium is maintained in the 
blood which as an organ is about four times the size of the hver This concept 
also implies that neither the capillary endothelium nor the cell membrane is 
impermeable to these units or aggregates which by the usually employed meth- 
ods are classed as proteins Direct measurement of lymph protein m all parts 
of the body and the rapid rate of restoration of plasma protem following acute 
severe hemorrhage or plasmapheresis lend support to both of these assumptions 
This view m no way invalidates the Starling hypothesis, but merely adds an 
adaptive mechanism that makes it more dynamic 

At first glance it might seem that the data presented in this paper do not 
support the hypothesis of an equilibrium It might be contended that the 
more protem going mto the body by whatever route, the greater should be the 
concentration m the plasma and in the tissues Within narrow limits this is 
true, for by high or low protem feeding the concentration of plasma protein 
can be raised or lowered by 5 to 10 per cent of the normal It must be remem- 
bered, however, that the nitrogen balance can be established with widely 
varying intakes, and that under these wide variations m the intake the body 
holds tenaciously to a rather limited zone of concentration of plasma protem 
(5 5 per cent to 7 0 per cent) Marked reductions in diet or great physical 
removals (plasmaphereses) must be earned out m order to lower significantly 
the plasma protein concentration The same is true of hyperproteinemia — 
relatn el> large quantities of donor’s plasma totalling several times the amount 
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actually in circulation at the start of the experiment must be injected before 
si gnifi cant elevations in the plasma protein concentration arc effected Duri ng 
the first week of such injections the increment in the concentration of the 
plasma protein is slight, and it is only during the later weeks that sig nifi cant 
amounts of the injected protein pile up in the circulation. These amounts are 
greater with low protein feeding, presumably because less of the necessary 
“chemicals” to maintain the normal equilibrium is supplied High prote in 
feeding on the other hand maintains the normal equilibrium better by supplying 
more of these necessary ‘chemicals ” 

Qualitative differences in the utilisation of the injected protein under 
varying conditions of dietary protein are indicated by the fact that in the 
animals maintained on a low protein diet the albumin globulin ratio is de 
creased, whereas there is no significant change in this ratio in the a nimals 
maintained on a high protein diet. Moat of the difference m the extent of the 
hyperprotememm m the two groups can be accounted for by the greater 
increase m globulin in the group maintained on a low protein diet It could 
be argued that the more marked hyperprotememia in this group is necessary 
to maintain the same osmotic pressure relationships. This is a teleological 
argument and is not Supported by available data, for albumin is not decreased 
and there is no need for a further increment in globulin Rather the data 
point to an upset in the normal equilibrium with the accumulation of an excess 
of globulin. Whatever the true explanation happens to be, it seems definite 
from the experiments here reported that the hyperprotememia following 
repeated plasma injections is greeter in animals maintained on a low protein 
diet than in animals maintained on a high protein diet 

The promptness with which the plasma proteins return to normal level after 
cessation of injections or withdrawals despite high or low protein feeding serves 
to emphasize the abnormality that must be present in certain cases of Bnght’s 
disease in which “optimum” feeding faib to influence materially the hypopro- 
teinemia, and in some cases of multiple myeloma in which extreme hyperglobu 
hnemia persists even during inanition and fasting The comparative rareness 
of these abnormalities serves in turn to emphasize the stability of the normal 
mechanism which must be of the nature of an equilibrium between food, 
plasma, and tissue proteins 

The data m this paper do not embrace the tissue proteins except indirectly 
in the figures on body weight In previous publications (2^, 8 9} the part 
played by the tissue proteins in this equilibrium has been discussed 

The experimental findings in this paper and the general thesis of an equilib- 
rium have received partial confirmation by other workers usi ng the opposite 
approach to the problem, namely treatment of hypoprotememia occurring in 
human cases of “nephrosis” or induced in experimental a nimals by plas- 
mapheresis or extremely low protein feeding Liu and Chu (11), Kcutmann 
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and Bassett (12), and Farr (13) have all found an “optimum” intake of about 
3 0 gm of protein per kg per day Greater intake resulted in less retention 
Whipple and his coworkers (10) found, “In general, food proteins are better 
used when given alone and m moderate amounts Larger protein intake 
yields a lower per cent return of plasma protein ” 

The “ideal” protein to combat hypoprotememia has not yet been defined, 
but it is reasonable to predict on the basis of the findings reported in this paper 
that when it is defined quantitative as well as qualitative factors will play an 
important part in the utilization of that protein It is possible that this “ideal” 
protein may prove to be a more or less specific substance that controls the 
normal equilibrium between food, plasma, and tissue proteins Possibly the 
repeatedly confirmed observation (9, 14, 15) that serum protein is the most 
potent of all the proteins that have been tested thus far for combatmg hypo- 
protememia means that more of this hypothetical substance is present m 
serum 


summary 

1 In 4 dogs maintained on a high protein diet (lean meat) repeated in- 
travenous injections of plasma obtained from healthy donor dogs (18 to 24 
injections during the course of 3 to 4 weeks, totalling 1595 to 4355 cc — averag- 
ing 1800 cc when figured on the basis of a 5 kg dog) resulted m a mean increase 
m the plasma protein concentration of 20 per cent (from 7 1 per cent to 8 5 
per cent) 

2 In 7 dogs maintained on a low protem diet (only 7 per cent of total caloric 
value derived from protem) almost identical injections of donor’s plasma 
caused an average increase in the plasma protem concentration of 40 per cent 
(from 6 7 per cent to 9 4 per cent) 

3 The albumin globulin ratio m the group on the low protein diet showed 
an average fall of 30 per cent (from 1 4 to 0 9) while in the group on the high 
protein diet the change in this ratio was insignificant (from 1 3 to 1 2) 

4 In all dogs in both groups there was a consistent fall m the hematocrit 
value of about 15 to 20 per cent (from 49 to 40, or 18 per cent) which can be 
explained in part at least by the increase in plasma volume of about 15 per cent 

5 There were no significant changes m body weight or in plasma NPN 

CONCLUSIONS 

1 Hypeiproteinemia produced by repeated daily injections of homologous 
plasma is more marked m dogs maintained on a low protein diet than it is 
when comparable amounts of plasma are injected into dogs maintained on a 
high protem diet 

2 This seeming paradox is interpreted as additional evidence for a dynamic 
equilibrium between food, plasma, and tissue proteins 
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COAGULATION AND LIQUEFACTION OF SEMEN* 
Proteolytic Enzymes and Citrate in Prostatic Fluid 
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(Received for publication, August 3, 1942) 

The semen of man and animals is delivered from the urethra in a Liquid 
state bat differs thereafter m its properties m three principal ways. In the 
guinea pig it becomes on elastic solid which is maintained m this condition 
both in vitro and m the vagina for many days The semen of the dog re mains 
liquid. The ejaculate of normal man solidifies but then liquefies in a few 
minutes at room temperature 

The solidification of the semen of the guinea pig is due to the action of an 
enzyme, vesiculase (1, 2) derived from a speaal region of the prostate (3) on 
the proteins of the seminal vesicle No experiments have been reported deal 
ing with the solid liquid phases of human semen or with the persistence of the 
liquid state of c a nin e semen, matters with which the present paper is con 
cemed 

Our first observation was that a mixture of human semen with blood under 
went coagulation but soon liquefied. Most of the present experiments deal 
with various phases of the effects of semen and its components on blood and 
its clotting constituents 


Methods 

Human 6emen was obtained by manual ejaculation. Following liquefaction, it 
was centrifuged and the supernatant fluid used immediately for testing Canine 
semen was obtained by pilocarpine stimulation following the prostatic Isolation pro- 
cedure of Huggins Masina, Eichelberger, and Wharton (4) this fluid was passed 
through a Seitx filter to obtain a sterile filtrate free from cells 

Fresh blood and atrated plasma were obtained from various species. The plasma 
was procured by centnfugallzation of blood drawn into a solution of sodium citrate 
5 per cent, of which 1 cc. was used for each 9 cc. of blood it was recalafied with a sola 
tion of CaClj 1 5 per cent, of which 0-33 cc. was used for each cubic centimeter of 
p lasma. 

Testing for lytic activity was earned out by mixing 1 cc. of blood or plasma with 
1 cc. of semen or other fluid under examination either undiluted or diluted to 1 cc. with 
saline after mixing, the tubes were stoppered and placed In a water bath at 37°C. and 

* This investigation was supported by grants from the Committee for Research in 
Probl ems of Sex, the National Research Council, and from the National Committee 
on Maternal Health 
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the times of coagulation and of subsequent liquefaction, when it occurred, v, ere noted 
In stating the dilutions in thij paper the actual content of secretion m 1 cc is given, 
saline refers to an aqueous solution of NaCl, 0 15 molar m concentration, and incuba- 
tion refers to 37°C 'Where atrated plasma was used the specified concentration of 
calcium chloride was added according to two plans, either the plasma was recalcified 
immediately after adding the fluid to be tested, or after a delay of minutes to hours to 
permit a prolonged contact, in the liquid state, of the plasma and the fluid under test 
As control, saliva, bile, cerebrospinal and spermatocele fluids were substituted for 
semen and the effects on the clotting and liquefaction of blood noted 

In testing the effect of the lytic factors in semen on the clotting constituents of 
human blood, fibrinogen, thrombin, and thromboplastin were prepared from beef 
plasma and lung by the method of Smith, Warner, and Bnnkhous (5) and prothrombin 
by the technique of Seegers and colleagues (6) 

Citrate analyses were made by the method of Pucher, Sherman, and Vickery (7) 
and throughout this paper the term, citrate, refers to the combined amount of atnc 
acid and its salts as determined by this method Trypsin was determined by the 
method of Anson (8) 

The opacity developing coincident with clot formation induced by recalcification 
of atrated plasma, and the effect of semen upon this density were studied m an Evelyn 
photoelectric colonmeter The colorimeter was mounted m an incubator at 37°C 
and all of the solutions were brought to this temperature before using A 6600 Ang- 
strom light filter was used The total volume in each colonmeter tube was 13 5 cc 
distributed as follows — 

5 cc. of plasma + 2 cc of semen (saline in the control tubes) + 5 cc. of saline + 15 
cc of CaCl; 

Following recalafication, readings of the galvanometer were recorded each 12 sec- 
onds until a steady state had been reached following coagulation, or until it was 
evident that clotting was not occurring 

RESULTS 

The Phenomenon of Spontaneous Lysis of Human Semen — The semen of 
normal men after ejaculation forms a solid mass and the container may be 
inverted without losing any of the material, within a few minutes softening 
and partial liquefaction is observed and within 15 minutes the ejaculate is in 
a hquid state save for a few sago-like particles, denved from the seminal 
vesicles, which remain for more than 1 hour 
The lytic phenomenon may be observed well through the microscope In 
a typical example, at 3 minutes after ejaculation a thm section appeared as 
many interlaced bundles of loDg, clearly defined, parallel, refractde fibres, at 
4 minutes the fibres appeared swollen, at 5 minutes the regularity had disap- 
peared and the fibres were arranged haphazardly, at 6 minutes there was 
large scale liquefaction with movement visible as many of the fibres were 
rapidly breaking up No fibres were seen 8 minutes after ejaculation 

In a man with hyopgonadism due to undescended testes the semen did not 
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dot, following intramuscular injection of testosterone propionate, 25 mg 
daily for 15 days, normal clotting was observed 

The Effect of Semen and Prostahc Fluid on the Coagulation Tmt of Blood — 
The dotting time of whole blood, 1 cc. mixed with saline, 1 cc^ m 144 instances 
ranged from 3 to 10 minutes. 

(a) Human semen Two effects were observed, shortening and prolongation 
of the coagulation time of whole blood. Of 23 seminal specimens tested 
against whofe human blood, It prolonged the coagulation time, while 12 
caused a decrease of the dotting time as compared to the control saline mix- 
tures In the group in which a mixture of semen lessened the tune of coagula 
tfon, the effect was evident with os little semen as 0 025 cc. (Table I) This 


TABLE I 


Etfcxt of San at and Other Human Secretions on the Coopdotion Time of Human Blood 
1 cc. of whole blood + 1 cc. of secretion diluted secretion, or saline. 

| Cfttakttoo time 


Nature of ircrtUcm 


Amooflt o! Kcrctkm In tat 



Not* 

1 cc. 

0J cc. 

0.1 c*. 

onJcc. 

ojm 

cc. 

0.023 

cc. 

PH 

ESI 


mi* 

ml* 

ml*. 

ml* ( 

ml*. 

ml* 

mi*. 

mi* 

ml*. 

Semen, group 1 

8 

2 

3 

2 

2 

3 

3 

- 

5 

Semen group 2 

5 1 

30 

.14 

6 i 

5 

5 

5 

5 

5 

Prostatic fluid 

5 | 

0 

‘ 0 

0 i 

19 

11 

7 

7 

6 

Prostattc fluid heated 1 

5 

0 

0 j 

0 

n 1 

— 1 

— 


— 

Prostatic fluid and CaCV 

5 

1 3 

3 

4 

i - 1 

— 1 

— 

| - 

I ~ 

Seminal veside secretion 

5 


3 | 

4 

4 

5 

5 

5 


Hydrocele fluid 

1 5 


n 

s 

3 

1 3 

i ~ 

~ 

- 

Saliva | 

5 

3 

2 1 

3 

~ 


~ 

— 

~ 


* Calcium chloride, 13 per cent, 0.33 cc. 


lessened coagulation time is due to thromboplastic substances m appreciable 
amounts In the group with prolonged dotting with semen ml cc. amounts 
no, or slight dot, was observed in 30 minutes, in this group, semen in 0 2 or 
0 1 cc. amounts often lengthened dotting time to, 15 or more minutes. 

(6) Human prostattc fluid All specimens of undiluted fluid tested (from 18 
men) inhibited the dotting of human blood. With prostatic fluid 0 1 cc., 
dotting occurred in 14 to 50 minutes in 5 specimens, while no dot was observed 
in 2 hours in 13 observations. The coagulation time of blood mired with 
prostatic fluid 0 02 cc. was approximately normal. 

Coagulation of the blood was always induced by adding calcium chloride, 
1-5 per cent, 033 cc. to prostatic fluid, 1 cc. In 5 cases incoagulability, or 
greatly prolonged dotting time, was abolished and a clotting time shorter 
than normal supervened, in 3 cares the coagulation time was greatly decreased 
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but still remained longer than tlie normal control In all cases in whicb semen 
caused a prolonged dotting of admixed blood, the addition of the specified 
amount of calcium chloride abolished the delay and coagulation occurred more 
rapidly than in the control saline-blood mixture 

(c) Dog frostahe fluid Of 40 specimens of human blood, 1 cc , mixed with 
prostatic fluid, 1 cc , the coagulation time was normal or shortened in 32 cases 
In 4 cases dotting did not occur while only sbght dot was observed in 13 to 20 
minutes with the fluid of 4 dogs m this group In contrast to the system, 
human prostatic secretion-blood, the addition of calcium ions did not initiate 
or hasten dotting and the delay was due to a different mechanism, namely, the 
disappearance of fibnnogen as it is discussed below 

Citrate Is the Cause of Prolonged Coagulation Time of Mixtures of Blood and 
Human Prostatzc Fluid or Semen — It was found that human prostatic fluid 
heated m a water bath at 100°C for 30 minutes still delayed blood coagulation, 
while the delay was abolished by adding calcium ions (Table I) Large 
amounts of citrate in the prostatic fluid were discovered by Schcrstdn (9) 
and the finding was confirmed by Dickens (10) We likewise observed large 
amounts of this aad, obtaining the following values for citrate in each 100 
cc , 15 specimens of human semen, 140 to 637 mg , 9 samples of human prostatic 
fluid, 480 to 2688 mg , 20 lots of dog semen, 0 to 2 6 mg , 2 analyses of human 
seminal vesicle secretion, 15 and 22 mg While Huggins, Scott, and Heinen 
(11) found a high calcium content in human semen (6 milhmols per liter) and 
in human prostatic fluid (30 mil per hter) the concentration of citrate in 
prostatic fluid and some seminal specimens is so high that the calcium ions 
are reduced preventing thrombin formation and blood coagulation It seems 
reasonable to conclude that the adverse effect of human prostatic fluid on 
blood coagulation is a citrate effect 

Clotting Constituents of Human Semen — The principal clotting constituents 
of blood were prepared from beef plasma and lung In order to determine 
the presence of these or similar substances m semen, various combinations of 
them were placed in contact with human semen which had become liquid and 
the presence or absence of coagulation and the clotting time determined 
Differences were observed depending on whether calcium ions were added to 
induce dotting immediately after adding semen or after preliminary incubation 
of semen with the clotting fractions of blood in the liquid state 

(a) Immediate induction of dotting Human semen was found capable of 
substituting for fibnnogen and thromboplastin but not for prothrombin in 
inducing dotting (Table H, lines 1-6) The dot formed m the absence of 
added fibnnogen, was not firm, indicating that the fibnnogen content of semen 
was less than that of the prepared extract Goldblatt (30) discovered that 
human semen contained thromboplastin 

(b) Delayed induction of dotting Incubation of prothrombin with semen 
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both for 40 minutes and IS hours decreased the coagulation, tune on adding 
fibrinogen, thromboplastin, and calcium ions (Table H, lines 7-10) Incuba 
tion of fibrinogen with semen for 18 hours abolished dot formation on adding 
the other principle dotting agents Neither thromboplastin nor prothrombin 
were inactivated by incubation with semen for 18 hours, of the proteins lm 
plicated in blood coagulation only fibrinogen was destroyed 


TABLE n 

The Effect of Human Semen on the C7 citing ConshiuenU of Beef Blood 


Test 

lYo 

throm 

bln ' 

FIbrf 
noxen : 

Throm 

bopUs 

tin 

Semen 

N*CL 
05 pct 

ttOt 

C*CK 
0J pCT 
cent 

Tbne 

of 

dottle* 

Remarks 


tt 

« 

u. 

rt. 

« 

ct. 

iff 


1 

0 5 

0 5 

0 5 

— 

0 5 

0 2 

44 

Control — solid clot 

2 

0 5 

0 $ 1 

0 5 

0 5 

— 

0 2 

80 

Solid clot 

3 


0 s l 

0 5 1 

0 5 1 

0 5 

0 2 


No clot 

4 1 

0 5 

— 1 

os ; 

0 5 I 

| 0 5 

0 2 

300 

Small amount of clot 

5 ' 

0 5 

o s ! 


0 5 1 

i 0 5 1 

0 2 

320 

| Solid dot 

6 

— 

0 5 

— 

0 5 

[ 1 0 

0 2 

— 

No clot 

7 

0 5* 

0 5 

! 0 5 

0 5* 

| 

0 2 

22 

Solid dot 

8 

0 5 

0 5* 

0 5 

0 5* 

! — 

0 2 

&5 

“ « 

9 

0 5 

0 5 

0 5* 

! 0 5* 

— 

0 2 

90 


10 

0 st 

0 5 

0 5 

0 St 



0 2 

22 

Solid clot 

11 

0 5 

0 51 

0 5 

0 51 

— 

0 2 

— 

No dot 

12 

, 0 5 

0 5 

0 St 

0 St 


0 2 

15 

A few fibres of fibrin appeared 
at 15 tec. Solid dot In 10 

min 


The constituent* designated * rrere incubated for 40 minutes at 37*C. and the other 
elements were then added. 

The constituents designated 1 were incubated for 18 houra and the other elements were 
then added. 

Lyitc Action of Human Semen on Normal Human Blood —The blood of 
healthy persons when mixed with certain amounts of human semen or prostatic 
fluid will still dot but subsequently liquefy With equal concentrations of 
blood and semen, lysi 3 occurs in 1 to 5 hours at room temperature, slightly 
more rapidly at 37°C and not at all at 4 °C Serial dilutions of semen in 
saline were mixed with blood, 1 cc., and observed at 18 hours (Table XU) 
In all instances semen, 0 03 cc., induced lysis, in 4 cases semen, 0 01 cc, 
liquefied the dot Twenty samples of prostatic fluid were studied in the 
same way lysis occurred in all with prostatic fluid, 0 02 cc., in 18 hours, and 
m one fluid 0 002 cc. induced lysis. 

Human semen did not liquefy beef plasma. Lysis of dog blood and plasma 



532 


COAGULATION AND LIQUEFACTION OF SEMEN 


clots occurred only twice in 14 experiments and then in no less amounts of 
semen that 0 5 cc and 0 1 cc Rabbit plasma was resistant to solution 
Lyixc Action of Dog Semen on Coagulated Blood of Normal and Diseased Per- 
sons — Lysis of dog blood, clotted after mixing with dog semen, occurred 
regularly with semen 0 1 cc and larger amounts Solution of clots produced 
similarly with rabbit, beef, and rat plasmas occurred with dog semen 1 cc , 
occasionally with 0 5 cc. amounts, never with less than 0 1 cc of dog semen 
The semen of 10 dogs was tested by serial dilution against the blood of 46 
normal persons, the semen was mixed with blood, 1 cc , allowed to clot, and 
the experiment terminated at 18 hours In 4 instances the blood did not 
coagulate, due to destruction of fibrinogen before the clotting was effected, 
since adding beef fibrinogen induced prompt clotting Where clotting oc- 

TABLE m 


Lytic Action of Human Semen on Coagulated Blood of Various Spectes 
1 cc. of whole blood + 1 cc. of secreboD, diluted secretion, or saline 
Incubation 18 hours, 37°C 


Nature of blood 

Amount of lemen In teat 

None 

1 cc. 

OS cc 

0 1 cc 

0 05 cc. 

0 03 cc. 

Normal human 

0 

■a 

L 

L 

L 

L 

Dog 

0 


I 

0 

0 

0 

Rabbit* 

0 


0 

0 

0 

0 

Beef* 

0 

0 

0 

0 

0 

0 


L, complete lysis, I, incomplete lysis, 0, no lysis 
* Ci t rated plasma, recalafied with CaClj, 1 5 per cent, 0 30 cc 


curred, the minimum amount of dog semen causing lysis was 0 016 cc (Table 
IV) In all cases dog semen, 0 1 cc lysed blood 1 cc , but smaller amounts 
were often ineffective 

In a similar manner, serial dilutions of dog prostatic fluid were tested for 
lytic activity against the blood of 24 patients m hospital Most of the patients 
had disease of the urinary tract, 7 of them had benign or malignant tumors 
of the prostate gland Clotting occurred in all of the tests In 2 cases, both 
men with prostatic cancer, no lysis occurred m 18 hours with prostatic fluid, 
1 cc. (Table V) In three patients with febrile illness, lysis occurred with 
prostatic fluid, 1 cc., but not with amounts of 0 5 cc or less The blood of 
19 patients underwent lysis m a normal maimer 

General Properties of Fibrinolysis by Semen — When normal blood, 1 cc , was 
mixed with saline, 1 cc., allowed to dot, and observed 18 hours later, syneresis 
was always observed, and in the serum a small number (perhaps 1 per cent of 
the total) of erythrocytes were found lying at the bottom of the tube, detached 
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TABLE IV 


tjik Adkn of Dot Semen on Coagulated Blood of Various Spates 
1 ct. of whole blood + 1 cc. of iteration, diluted secretion or Bahne. 
Incubatioo 18 hoars, 37*C. 


Nstort of blood 

j Amount of prautk Mention la U»t 

None 

1 cc. 

OJ cc. 

0.1 cc. 

0.05 cc. 

0.033 cc. 

Homan 

0 

L 

L 

L 

I 

0 

Hoe 

0 

L 

L 1 

L 

I 

0 

Guinea pig 

0 

L 

L 

I 

0 

0 

Rat* 

0 

L 

L 

0 

0 

0 

Rabbit* 

0 

L 

L 

I 

0 

0 

Beef* 

0 

L 

I 

0 

0 

0 


L, complete lysis I incomplete lysis 0 no lysis. 

* Citrated plasma, reatkified with CaCh, 1-5 per cent, 033 cc. 


TABLE V 

The Lytic Action of Semen of the Dot on Human Blood Permitted to Coopdote 
Total volume in test 2 cc. I cc. of whole blood + 1 cc. of pros tn tic fluid, undiluted or 
diluted with saline 


Sourc» 

Amount of do* K*neo In tat 

Rtmauks 

1.0 

CC. 

1 

IS 

I 

I 

Healthy parson (1) 

L 

L 

0 

0 

0 


. « (2) 

L 

L 

L 

L 

0 


" © 

L 

L 

L 

L 

L 


“ (4) 

L 

L 

L 

0 

0 


' ffl 

L 

L 

L 

0 

0 


“ (6) 

L 

L 

L 

0 

0 


m 

L 

L 

L 

I 

0 


Patient P M 

0 

0 

0 

0 

0 

Carcinoma of prostate febrile 

1 A.Y 

0 

0 

0 

0 

0 

u u afebrile 

A .A. 

L 

L 

L 

L 

0 

u a u 

M FD 

L 

i 

0 

0 

0 


“ LK. 

L 

0 

0 

0 

0 

Benign prostatic hypertrophy* febrile 

“ AJS 

L 

0 

0 

0 

0 

t “ 

JJ3 

L 

L 

L 

0 

0 

u u t 

A.W 

L 

0 

0 

0 

0 

Tuberculosa of kidney uremia, “ 


L, lysis I, partial lysis 0 no lysis. 


from the dot. It is not known whether this erythrocyte detachment is due 
to a fibrinolysis. Synereas is always more pronounced m the presence of 
erythrocytes than with plasma under the same circumstances for then it is 
unusual to find any clot retraction. 
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Fibrinolysis of whole blood by seminal fluids occurs m the absence of bac- 
teria and of spermatozoa, the fluid component of fresh semen, free from evi- 
dence of infection and passed through a Seitz filter soon after collection, remained 
stenle and retamed its ability to lyse blood All samples of semen and prostatic 
fluids contained the enzyme The blood of the donor of prostatic fluid was 
always susceptible to fibrinolysis by his fluid After fibrinolysis the ery- 
throcytes are intact and appear normal and the specific blood grouping is not 
removed 

Maintenance of seminal fluids at 60°C for 5 minutes did not interfere with 
fibrinolytic action, but heating for the same period at 70°C destroyed lytic 
ability Prostatic fluid dned in air and stored for 3 weeds retained its lytic 
property when dissolved m quantity of saline equal to the original volume, 
the dned powder heated for 2 hours at 105°C was still active Neither toluol, 
sulfathiazole crystals in excess, nor merthiolate (sodium ethyl mercun-thio- 
sahcylate) inhibited fibrinolysis Inhibitors of oxidation, NaF or KCN m 
0 025 molar concentration, did not interfere with fibnnolysis 

The stenle supernatant fluid following fibnnolysis by semen retained its 
lytic activity when added to fresh blood and allowed to clot Four such pro- 
gressive transfers were made without loss of the lytic fraction 

Lytic Action of Human Body Fluids — Fibnnolysis is not a widespread pro- 
perty of body fluids As control for the lytic effect found m prostatic fluid, 
several human fluids were examined m a stenle state These included, unne 
(10 specimens), sahva passed through a Seitz filter, 21 specimens, gall bladder 
bile, 6 specimens, hydrocele fluids, 2 lots, 2 spermatocele fluids, 6 normal 
cerebrospinal fluids, and the secretion of the seminal vesicle from three men 
No lysis occurred in any 

Fibnnogeuase — When atrated plasma is recalcified, the clear plasma be- 
comes opaque as clotting proceeds This change in hght transmission has 
been adapted to quantitative study of blood coagulation as a nephelometric 
procedure by Kugelmass (12) and especially by Nygaard (13) who devised a 
special apparatus for recording the changes We investigated the o pacifica- 
tion occurring m progressive dilutions of atrated plasma in a photoelectric 
colorimeter at 37°C with plasma concentrations between 1 and 10 cc (Fig 1) 
An approximately linear relationship developed when units of density after 
dotting are plotted arithmetically against the quantities of fibrin present 

Human atrated blood plasma incubated at 37 C C with prostatic fluid of the 
dog, for short periods of time, shows progressive decrease of opaaty after 
recalcification In a typical experiment, 5 cc of atrated plasma were incu- 
bated with 2 cc of prostatic fluid and at intervals of 6 minutes, 5 cc of saline, 
and 1 6 cc of calaum chloride were added, in the control tubes prostatic fluid 
was replaced by saline since the pnnaple electrolytes of dog prostatic fluid 
are sodium and chloride in 160 milhequi valent concentration per liter (4) 
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The density resulting from clot formation became progressively less with 
increasing incubation (Fig 2) After Incubation of 30 minutes, neither dotting 
nor c han ge of density took place The failure of clot formation was due to 
destruction of fibrinogen by dog prostatic fluid. However, no decrease of 
density or of clotting capacity occurred when human Remrn was added under 
comparable conditions to the dtrated plasma Indeed, after incubation of 
human semen with plasma for 4 hours only a slight decrease of density was 



Fig 1 A photoelectric study of the increased density occumng as dot forms in 
atrated plasma after read afi cation. Progressive increases of density occur with m 
creased content of plasma (cubic centimeters) the total volume of fluid m each tube 
being the same. Ordinates units of galvanometnc deflection Absassae time in 
minutes after rtcalafi cation. 

observed (Fig 3) Human semen possesses only sight power of destroying 
fibrinogen 

Incubation of atrated plasma, 1 cc., with dog prostatic fluid, 1 cc., for 30 
minutes abolished dotting on adding CaCh prompt dotting occurred when 
beef fibrinogen, 0.5 cc., was subsequently added. 

The differences in activity of canine and human semen on fibrinogen and 
fibrin were magnified by dilution of these fluids. Two senes of tubes were 
arranged, all of which contained atrated human plasma, 1 cc., and either 
human or dog semen, 0-5 cc., in senes A, dotting was induced immediately, 
by adding calcium chlonde, 0.25 per cent, 0.25 cc. m senes B, caldum chlonde 





MINUTES 

Fig 2 Photoelectric study of the effects of incubation of dog semen with human 
citrated plasma on clot formation and density occurring after recalcrficabon A pro- 
gressive decrease of clot density occurs with increased periods of incubation until 
contact for 30 minutes results m failure of clotting to take place When clotting 
occurs, it begins in all of the tubes containing semen earlier than in the control tubes 
of plasma without semen, due to the thromboplastic activity of the secretion Ordi- 
nates units of galvanomctnc deflection Abscissae time in minutes after rccala- 
fication 



I 2 3 4 5 6 7 

MINUTES 

Fig 3 A photoelectric study of the effect of incubation of human -semen with 
citrated plasma on clot formation and density occurring after recalcifi cation In 
contrast to dog semen, only a slight decrease of density occurs after 4 hours incubation, 
the thromboplastic effects are evident as reflected in the increased rate of clotting over 
that of the control tube of plasma without semen Ordinates units of galvanometnc 
deflections Abscissae time m minutes after recalafication 
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was added after 18 hours’ incubation. At 18 hours in senes A, dots contain 
mg dog semen, 0 1 cc, were only slightly liquefied, and those containing 
0 012 cc. were solid, while accompanying dots conta ining these amounts of 
human semen were liquefied (Table VI) At 18 hours in senes B, dot could 
not be induced by re calcification of any of the tubes containing dog semen 
but the addition of calcium chlonde to tubes containing less human semen 
than 0 1 cc. promptly formed dots which subsequently underwent lysis in 

TABLE VI 

TJu Eject of Dot a *d of Human Stmen on Lysis of Fibnn and Fibrinoten 
1 cc. of plioma -f 0.5 cc. of diluted semen 
Seriet A 0.25 cc. of CaCL added Immediately 
Sene* B incubation of fluid* for 18 bourn before adding CaCb 


Series A 

Enzymatic action oo clotted pken* 

Series B 

Enzymatic action an liquid ptxrmz. 

Contest of 
aen»eu 

Coa*nlalloc 

time 

Extent of lytia 
after breobatkm 
for l! bra. 

Coagulation time ! 

Condition of 
pit*®* after 
addin* CaCl» 

Tfanaof lyafa 
fuh**jooot to 
addin* CaCb 

cc. 

m to 


ml m 



Control — no 

temen 

31 

None 

4 

Solid 

No lyci 


Dog semen 


0 1 


+ 

DU not coagulate 1 

Liquid 


0 0125 

3i 

None 

u \ 




Human, semen 


0 1 

1 3 

4*+++ I Did not coagulate 

1 liquid 


0 05 

3 

++++ 4 

Solid 

2 

0 025 

3 

++++ 3 


41 

0 0125 

4 

++++ 4 


No lyrii 


2 to 5 hours. Further, adding fibrinogen, 0.5 cc., to all tubes in senes B which 
had not dotted after recalafication produced prompt coagulation 

Both human and dog prostatic fluids contain entities capable of destroying 
fibnn (fibnnolysm) and fibrinogen (fibnnogenase) but in different concentre 
tions Human semen contains much fibnnolysm, little fibrinogenase, dog 
semen contains little fibnnolysm, much fibnnogenase. 

Thrombin in Semen —The semen of certain dogs has the capacity of dotting 
fibrinogen, free from prothrombin, and of producing spontaneous dots in 
oxalated or titrated beef and rabbit plasmas The calcium content of dog se- 
men is about 0.3 mfllimols per liter (4) The thrombin activity is weak and 
requires 5 to 60 minutes before dot is evident. Citrated human plasma 13 not 
dotted by dog semen, obviously because human fibrinogen is destroyed by 
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fibnnogenase before the dot can be formed Human semen does not contain 
thrombin 

To 0 2 cc. of rabbit oxalated plasma diluted with 0 8 cc. of saline, 0 5 cc of dog 
semen was added and the tubes maintained at 37°C , spontaneous dotting a as ob- 
served in 18 minutes A similar experiment using human plasma instead of rabbit 
plasma resulted in absence of dot at 10 minutes, the addition of 0 25 cc of CaCl : , 
0 25 per cent did not induce dotting Likewise, replacing dog semen with human 
semen, 0 5 cc , did not induce dotting m rabbit or human plasma 

To 1 0 cc of beef fibrinogen, 0 5 cc. of dog prostatic fluid was added, dotting 
occurred m 20 minutes, replacing dog prostatic fluid with human semen did not result 
in dotting in 5 hours 

Trypsin m Semen — The semen of both dog and man produced no visible 
change on coagulated egg albumin m Mett tubes when incubated overnight 
at 37°C Using the method of Anson (8) small amounts of a proteolytic 
enzyme active at pH 7 5, trypsin, were demonstrated m 10 prostatic fluids of 
dogs, prostatic fluid, 1 cc liberated chromogen equivalent to 0 029 to 0 15 mg 
of tyrosm m 15 minutes Five human semens, mice volume liberated from 
0 03 to 0 09 mg of tyrosine, m 15 minutes, two human semens did not contain 
trypsin 

DISCUSSION 

The mechanism by which human semen coagulates is not clear, and the 
problem is complicated by the difficulty of securing semen prior to dotting 
The finding of fibrinogen and thromboplastin is evidence that semmal clotting 
resembles blood dotting, however, thrombin and prothrombin were not demon- 
strated after liquefaction The abundance of citrate, which is sufficient to 
bind all of the calcium ions in many semens, provides an obstacle to the in- 
ference that the dotting of blood and semen is due to an identical mechanism 
The presence of an active fibrinolytic agent would readily explain liquefaction, 
if, as seems likely, fibrin were the cause of the semmal clot 

The fibnnolysm in semen is denved from the prostate gland, and it was 
present in large amount in all of the prostatic fluids examined This constant 
occurrence establishes a new function for the prostate We have been unable 
to find previous observations relative to the action of genital secretions on 
fibrin except by Kurzrok and Miller (14), who were unable to demonstrate an 
effect of semen on fibrin, the source of which was unspecified While all of 
the semens became liquid spontaneously m less than 10 minutes in our tests, 
the most rapid liquefaction of blood, 1 cc , by semen, 1 cc,, occurred in 30 min- 
utes The lysis of blood dot by semen occurs less rapidlj than lysis of the 
dotted semen itself 

Fibrinolysis without implication of the agent involved has been studied by 
sexeral workers since its discovery in serum by Dastre (15) Nolf (16) re- 



CHARLES HUGGINS AND WILLIAM NEAL 


539 


garded a slow aseptic fibrinolysis to be a natural sequel of plasma coagulation. 
Judine (17) observed that the blood of men in profound traumatic shock did 
not coagulate, further, that the blood of healthy persons, meeting a violent 
death, coagulated rapidly but within several hours became liquid and did not 
thereafter coagulate Macfarlane (18) found that frequently the clotted blood 
of patients after surgical operations subsequently underwent complete lysis 
under aseptic conditions within 24 hours 

The effect of chloroform semen” is germane to the present discussion. 
Howell (19) and Minot (20) discovered that clotting occurred m oxalated 
plasma to which chloroform had been added and Nolf (21) observed that the 
serum obtained from such dots is fibrinolytic. These findings have been 
confirmed by Tagnon (22, 23) wbo obtained from such serum, from which the 
chloroform had been removed, a globulin with marked fibrinolytic properties 
the addition of this globulin to fibrinogen produced no dot but effected com 
plete lysis of fibrinogen, while m the presence of prothrombin a dot formed 
which sometimes underwent fibrinolysis The action on blood plasma and 
fibrinogen of this globulin resembles the effect of trypsin as described by 
Eagle and Hams (24) Ferguson and Enchson (25) m studying the dotting 
action of crystalline trypsin on atrated plasma, observed that dots so ob- 
tained undergo fibrinolysis within a few minutes they found that trypsin, in 
1 to 2 mg amounts was optimal for the clotting of 1 cc. of atrated dog plasma 

Many points of similarity occur between the fibnnolysm of semen and that 
discovered by Tfllett and Garner (26) in hemolytic streptococci Both agents 
lyse normal human blood dot easily but act only after prolonged penods oi 
time and m high concentration, when at all, on rabbit blood In disease, at 
times, the blood of certain patients is totally resistant to lysis by semen, 
TTUett, Edwards, and Gamer (27) got the same result with the fibnnolysm 
from streptococci m their patients with streptococcal infections. Further the 
active principle is demonstrable in dissolved fibnn even after incubation for 
18 hours m both cases Slight differences occur however Gamer and 
Tillett (28) found that streptococcal fibnnolysm resisted heating at 100°C 
for 60 minutes, while we observed that semen is inactivated by heating to 70°C 
for 5 minutes. Seminal fibnnolysm retains its activity for months in the re- 
frigerator while that from strep to coed deteriorate* m several weeks. 

In relating these observations to the effect of semen in the lysis of fibnn 
and fibrinogen, it should be stated that all of the samples of dog semen, and 
some h uman semens contained small amounts of trypsin, other human semens 
were free from trypsin. All samples were inactive m destroying beef fibrinogen 
and fibnn. 

Both human and dog semens contain factors capable of inactivating fibnn 
and fibrinogen but m different and inverse proportions, human fluid contained 
fibnnolysm with greater activity than dog semen, while dog semen exerted 
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far greater fibnnogenase activity than human semen It was readily possible 
by dilution to eliminate the weaker activity and to retain the stronger, this 
is evidence lor the presence of two distinct proteolytic agents acting on fibnn 
and fibrinogen respectively Gamer and Tillet (29) observed that “solutions 
of human fibrinogen after brief incubation with fibnnolysin lose the capacity 
to form thrombin ” The observed quantitative and species differences of 
proteolysis in semens do not fall in with the interpretation of these workers, 
whose observation on streptococcal filtrate with respect to fibrinogen is the 
same as ours on dog semen. We conclude that the agent in semen which 
liquefies fibnn resembles closely or is identical with the fibnnolysin of Tillett 
and Gamer, and that the inactivation of fibnnogen is due to a separate agent, 
fibnnogenase 


SUMMARY 

Certain specimens of human semen shorten the coagulation time of whole 
blood because of the presence of active thromboplastic agents, while other 
samples prolong its coagulation time Human prostatic fluid in large amounts 
always delays or abolishes blood coagulation The delay or absence of clot- 
ting is counteracted by adding calcium ions and is due to the large concentra- 
tion of citrate m prostatic fluid and in some semens 
While most specimens of dog semen shorten the coagulation time of blood 
because of their thromboplastic activity, certain specimens render blood in- 
coagulable or delay coagulation, in contrast to human semen, this adverse 
effect on coagulation is not overcome with calcium ions and is due to a dif- 
ferent mechanism, the lysis of fibnnogen. The citrate content of dog prostatic 
fluid is small 

Human semen which has become liquefied does not contain thrombin or 
prothrombin, but fibnnogen and thromboplastic substances are present Beef 
fibnnogen added to semen is destroyed by incubation for 18 hours, but added 
prothrombin and thromboplastic substances are still present after this treat- 
ment Dog semen, m some instances, contains small amounts of thrombin 
The semens of man and dog contain a fibnnolysin for human blood which 
seems not to differ greatly from the fibnnolysin associated with hemolytic 
streptococci The blood of the donor of prostatic fluid is susceptible to 
fibnnolysis by this fluid However, the blood of persons with some diseases, 
is absolutely resistant to the action of seminal fibnnolysin In how many 
diseases this happens has not yet been determined 
The semens of man and dog both contain an agent capable of inactivating 
fibnnogen, but m different amounts This activity may be called fibnnogenase 
Human semen is nch in fibnnolysin, poor m fibnnogenase, dog semen is nch 
in fibnnogenase, poor in fibnnolysin These species differences, together with 
the fact that it is easy by appropriate dilution to retain the stronger proteolytic 
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agent and eliminate the weaker one, imply that fibnnolysm and fibrmcigeiiase 
axe different entities 

Dog semen, and less constantly human semen, contain very small amounts 
of trypsin. 

All of these proteolytic agents derive from the prostate gland, their secre- 
tion m prostatic fluid constitutes a hitherto undescribed function for the 
prostate gland. 
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While making sexological studies of transplanted rabbit cancers by the 
methods that disclosed a distinctive substance In the Brown-Pearce carcinoma 
(1), the blood serum of normal rabbits has been found to fix complement when 
mixed with fresh saline extracts of normal rabbit tissues, and control tests 
have shown that anticomplementary effects are not responsible for the reaction. 
The phenomenon appears to be due, as will now be shown, to a natural anti 
body that reacts in mho with a sedimentable constituent of many normal 
tissue cells. 


Methods and Materials 

The natural antibody and the substance with which it reacts were studied 
by means of a standardized complement fixation test in which 2 units of 
complement were employed with 2 hours at room temperature for fixation. 
The procedure was in most respects the same as used in previous studies from 
this laboratory (1), but differed in the method whereby the test antigens were 
prepared Fresh or frozen tissues instead of glycerolated ones were employed 
for this purpose, and the antigen-extracts were not heated at S6°C as m the 
preceding work, — variations in method which proved significant, as will 
become evident further on. 

The test antigens were made from normal tissues (liver kidney brain etc.), which 
had been procured with aseptic precautions these were used fresh or after preservation 
In the frozen state (— 22°C.) for periods up to several months They were ground 
With sand in a mortar and the ground paste suspended in physiological saline (1 10 
to 1 40 or more) and spun for 20 minutes at 4400 jlpal in the 51° angle-head Inter- 
national centrifuge- The unheated supernatant liquids, slightly to moderately opal 
escent but free from gross particles proved notably effective in the complement 
fixation tests, especially when used the same day 

Normal sera were procured by bleeding rabbits either from an ear vein or from the 
heart, allowing the blood to dot in paraffined tubes and subsequently deaxing In the 

♦ Pr eliminar y note in the Proceedings of Ike Society for Experimental Biology and 
Mediant, 1941, 47, 128 
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centrifuge The specimens were stored in stoppered tubes in the refrigerator at 
about 4°C Many of them were tested repeatedly during periods of several months 
without perceptible change in effectiveness and without becoming anticomplementary 
All were heated at 56°C for 30 minutes immediately prior to use, to inactivate com- 
plement 

Complement v, as got by bleeding 10 to 20 guinea pigs As soon as the serum could 
be collected and pooled, it was distributed in small vials and dned from the frozen 
state m the Flosdorf-Mudd apparatus Immediately before each experiment, the 
dned serum was dissolved in physiological saline and titrated with the actual hemolytic 
system to be employed Two full units of complement were invariably used 

The hemolytic system consisted of rabbit serum containing immune sheep hemolysin 
in high titer, and thrice washed sheep erythrocytes The hemolysin was titrated at 
infrequent intervals, it was diluted so that 0 2 cc. contained 4 hemolytic units The 
5 per cent washed sheep cells were sensitized with an equal volume of the diluted 
hemolysin, the mixture standing 10 minutes at 37 a C immediately before use m 
the test 

The serum, complement, and test antigens were mixed so that complement was 
present when the other two reagents came together The mixtures, containing 0 2 cc 
of each reagent, were allowed to stand 2 hours at room temperature, then 0 4 cc. of 
sensitized erythrocytes was added Readings were made after 30 minutes at 37°C 
and again after the tubes had stood overnight in the refrigerator The final readings, 
which seldom differed significantly from the first ones, are recorded in the pubhshed 
tables m terms of fixation + + + + = complete fixation (no hemolysis), + + + = 
about 75 per cent fixation, + + =• about 50 per cent fixation, + = about 25 per cent 
fixation, 0 <=• no fixation (complete hemolysis) 

Control tests were made in every experiment for anheomphmentary effects, using 
double volumes of each dilution of serum and of test antigen In general the sera 
were practically never anticomplementary in dilutions of 1 4 or higher and usually 
not at all or only very slightly so at 1 2, the largest amount utilized The test anti- 
gens occasionally manifested shght or moderate anti complementary effects in dilutions 
of 1 10, but practically never in dilutions of 1 20 and never in our experience at 
1 40 Neither the sera nor the antigens were anticomplementary in any of the 
experiments recorded in the present paper 

Incidence and Characteristics of the Naturally Occurring Serum Principle 

The results of many experiments have made plain the fact that the blood 
serum of nearly all normal adult rabbits will regularly fix complement m 
greater or less degree m mixture with unheated saline extracts of fresh or frozen 
normal rabbit tissues, whereas the sera of very young rabbits have always 
failed to do so Table I gives the results of an experiment that can be con- 
sidered typical The sera of 10 normal adult rabbits all fixed complement in 
mixture with a freshly prepared 1 20 saline extract of normal rabbit liver, 
some in dilutions as high as 1 32, while specimens from 13 rabbits up to 24 
days old of the same hybrid sort, from 7 litters, all failed to react with the test 
antigen The positive reactions could not have been due to a summation of 
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anticomplementary effects, for the sera were not anticompfementary when 
tested concurrently, even m control tubes containing 0 4 cc. of the 1 2 diln 
tlons, nor was the antigen anticomplementary in control tests containing two 


TABLE I 

Tests for tie Servm Principle in the Blood cf Adult and Very Youtt[ Rahlnls 


Scare* of strum 



Complement fimtkm tests 

N? U 

A|* 

111 

1 4 

Scncndl 

lit 

■stlcm 

1:15 

1 u 

1 M 



irp 







Normal gray-brown do- 

15-84 


++++ 

+-H-+ 

++++ 

++++ 

+++± 

0 

mestic rabbits weigh 

15-87 


+++± 

++++ 

++++ 

+++± 

+ 

0 

ing 2 kg. or more 

15-88 


4" 4- 4" 4- 

++++ 

++++ 

++++ 

++++ 



15-90 


++++ 

++-H- 

-H-++ 

++++ 

4- 

0 


15-98 


++++ 

++++ 

++++ 

++++ 

0 

0 


15-99 


++++ 

4-4-4- 4- 

+++± 

± 

0 

0 


16-00 


+4-++ 

++++ 

+ + + + 

+++ 

0 

0 


16-01 


4- 4- 4- 4- 

+4-4-4- 

4-++± 

+± 

0 

0 


16-02 


+++± 

4-+++ 

++++ 

++ 

0 

0 


16-03 


++++ 

+4-4--f 

++++ 

+++± 

0 

0 

Normal gray brown do- 

1A' 

24 

0 

0 

0 

0 

0 

0 

mesbc rabbits lets 

2B 

18 

0 

0 

0 

0 

0 

0 

than 4 wks. old 

3C 

19 

0 

0 

0 

0 

0 

0 


4D 

20 

0 

0 

0 

0 

0 

0 


5D 


0 

0 

0 

0 

0 

0 


6D 


0 

0 

0 

0 

0 

0 


7E 


0 

0 

0 

0 

0 

0 


8E 


0 

0 

0 

0 

0 

0 


9F 

16 

0 

0 

0 

0 

0 

0 


10F 


0 

0 

0 

0 

0 

0 


11F 


0 

0 

0 

0 

0 

0 


12G 

** 

0 

0 

0 

0 

0 

0 


13G 


0 

0 

0 

0 

0 

0 


Antigen, 1 20 saline a tra ct of fresh normal rabbit liver (DJL 5-73) 

2 unit* of complement in all tubes, cs also in all of the table* that follow 
H — 1 — | — j- *■ complete fixation 0 ™ no fixation. 

None of the sera wia anticomplementary when tested concurrently in doubk volume, 
nor was the *n tig^ n The tame holds true In all of the tables to follow 
‘.ABC, etc. — various litters. 

and four tunes the amount used in the recorded experiment This holds true 
also for the experiments that follow 

Like the generality of antibodies, the naturally occurring serum principle 
can be precipitated with ammonium sulfate (Table H) Yet it is inactivated 
when sera containing it are heated at 65° C for 30 minutes (Table HT) a 
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procedure that has no noteworthy effect upon the generality of antibodies in 
rabbit blood, as is well known (2) 

TABLE II 


Precipitation of llie Serum Principle jnth Ammonium Sulfate 


Source of senrm 

Fraction 

Senna dilution 




14 18 1 16 | 1 32 

j 1 61 

Normal rabbit 16-23 

Whole serum 

-bd — bd- -bd — 1 — b -bd — bd- d — ! — 1 — b 

-b-b-b 


Globulin fraction* 

d — bd — b -bd — bd- d— bd — b d — 1 — 1 — b 

Id-d-d- 

Normal rabbit 16-28 

Whole serum 

d-d-d-b -bd-d-b -bd-d-b -b-b-bd- 



Globulin fraction* 

d — b-bd* d — 1 — 1 — b -bd — 1 — b d — bd — b 



* Precipitated with half saturated ammonium sulfate and dialyzed against 0 9 per cent 
NaCL 


Antigen, 1 40 saline extract of frozen normal rabbit liver (D R. 3 72) 

TABLE m 

Incidence, Titer, and Heat Lability of the Serum Principle 


Complement fixation testa 


Normal rabbit 
seta 


Sera heated at 56 C for 30 mm 


Serum dilution 

11 I 18 i 1 16 1 


Sera heated at 65 C for 30 min 


+ + + + 0 
d — I — 1 — b 0 
d — 1 — 1 — b 0 
d — 1 — I — b 0 
d-d-d-d- 0 
d — ! — b± 0 
± 


D.R. 5-65 -bd-d-d- -bd-d~b -bd-d-b d-bd-b 

5-69 -bd-d-d- -bd-d-b d-d--bd- d-d-d-b 

5-70 -b-b-bd- -b-b-b-b -bd-d-b d-d-d-b 

5-67 d--bd-± -bd-d-d- -bd-d-d- d-d-d-d- 

5-75 d — 1 — 1 — b d — 1 — bd- d"d — 1 — b d — 1 — b-b 

5-71 d — 1 — b d — 1 — bd~ d — 1 — I — b d — bd — b 

5 74 -b-b-b-b -bd-d-b d-d-d-b d-d-d-i 
5-73 -bd-d-b d-d-d- d~b± 0 

5-68 d-d-b-b d-bd- d-d- 0 

5-66 d-bd- d-d-d- d-bd- 0 

5-72 d-d--b -bd- d- 0 

5-76 d — b=L -b=fc 0 0 


Antigen, 1 40 salin e extract of frozen normal rabbit liver (D R. 3-72) 
D.R. = domestic rabbit 



Since the fact has long been recognized that other naturally occurring serum 
principles, generally termed natural antibodies, are absent from the blood of 
newly bom individuals and that they are more labile to heat than induced 
ones (3), it seemed possible that the serum principle now under study might 
also prove to be a natural antibody Hence it was compared as to titer and 
to heat lability with two natural antibodies known to be present in the serum 
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of normal adult rabbits, viz , natural sheep hemolysin and natural Wasse nnatm 
reagra 

The sera of 6 adult gray brown domestic rabbits were employed, whidi were known 
from the experiment of Table HI to contain various amounts of the serum principle 
under study Specimens were heated at 56°C and 63° C. and tested In various dilu 
boas for capacity to hemolyze 5 per cent washed sheep cells m the presence of 4 units 
of, complement (natural sheep hemolysin) for capacity to fix complement in mixture 
with a 1 per cent cholesterolizcd Wassermann antigen 1 (natural Wossermann reagin), 
and for capacity to fix complement in mixture with a 1 20 saline extract of frozen 
normal rabbit liver (serum principle under study) 

Table IV shows the results of the comparative testa It wiD be seen that in 
general the titers of the three serum constituents varied together The sera 
of rabbits 5-69, 5-75, and 5-65, for example, reacted notably well in all three 
testa, while the specimens of 5-72 and 5-76 did poorly Serum 5-70 provides an 
exception m that it had little natural power to hemolyze sheep cells but much 
to react with the Wassermann and normal rabbit tissue antigens. (For other 
such exceptions see Table V further on.) Heating the sera at 65°C rendered 
them completely ineffective, or nearly so, in all of the tests. It will be noted, 
however, that the serum specimen of rabbit 5-65 was exceptional m that it 
still retamed a small proportion of its capacity to hemolyze sheep cells, and so 
too in slighter degree did those of rabbits 5-76 and 5-75 1 

An experiment was next undertaken to find whether serum principles of the 
three types can be selectively absorbed 

Sera from 5 normal adult agouti rabbits were employed 1 0 cc. volumes of each 
were mixed with 3 0 cc. of 50 per cent washed sheep cells, 3 0 cc. of 1 per cent cboles- 
terohzed Wassermann antigen, 3 0 cc. of 1 10 saline extract of normal rabbit liver 
and 3 0 cc. of physiological saline, respectively AH of the mixtures were kept 2 hours 
at 3T°C then put overnight in the refrigerator The ones containing sheep cells 
were next spun at low speed In the ordinary centnfuge and the others at 25 000 r.p.u. 
for 1 hour in the air-driven centnfuge — an amount of centrifugation that will not 
perceptibly throw down other rabbit antibodies, as has been repeatedly observed (4) 

The absorbed and unabsorbed supernatant liquids were then tested as m the 
preceding experiment Table V shows the results. Absorption with the sheep ery 
throcytes had removed completely the capacity of all of the sera to hemolyze sheep 
rvTU without affecting their ability to fix complement m mixture with the Wassermann 

1 Supplied by the Diagnostic Laboratories of the New York City Board of Health 
through the generosity of Dr G L Steffen 

5 The exceptions are important as indicating the fact that 65°C for 20 to 30 minutes 
does not always completely inactivate the natural antibodies of normal rabbit s blood 
On several occasions sera with unusually high titers of the natural tissue antibody 
have retained slight activity when thus heated. 
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* Headings in terms of hemolysis 
t Readings m terms of fixation 



StUctha Absorption of Various Natural A ntibadUs from Normal Rabbit Sens 

Te*t»for 
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or the normal rabbit tissue substances Likewise, the Wassermann substance ab- 
sorbed the natural reagin completely without affecting the other two serum constitu- 
ents The extract of normal rabbit hver absorbed almost completely the capacity of 
the various sera to react with a similar extract, and it reduced their ability to fix 
complement m mixture with the Wassermann substance, but it had no effect upon 
the natural hemolysin 

In general the titer of the serum principle under study ran parallel to that of 
the two natural antibodies with which it was compared, though there were 


TABLE VI 

Reaction of the Natural Antibody with Saline Extracts of Normal Rabbit Tissues 


Source of antigen 



Antigen dilution 



Rabbit 

Organ 

1 20 

1 40 

1 80 

1 160 

1 320 

1 640 


Kidney 

4 — 1 — 1 — b 

4- 4-4- 4- 

4444 

4444 

H — 1 — 1 — b 

444 


Liver 

4444 

-b-b+4- 

4444 

4444 

-) — | — I-.J- 



Lung 

4 — 1 — 1 — (- 

4 — b44 

4 — 1 — b4 

4444 

0 

0 

5 69 

Brain 

4 — 1 — 1 — b 

4444 

4 — i — 1 — b 

4 

0 

0 


Spleen 

4 — 1 — 1 — b 

4444 

4 — 1 — b 

0 

0 

0 


Heart 

4-4-4- 4- 

444 

0 

0 

0 

0 


Muscle 

44 

0 

0 

0 

0 

0 


Kidney 

4-4-4- 4- 

4444 

4444 

4444 

4444 

44 


Liver 

-b-b-b-b 

4444 

4444 

4444 

4444 

0 


Lung 

4 — 1 — 1 — b 

4444 

444± 

0 

0 

0 

5-76 

Brain 

4-4-4- 4- 

4444 

4444 

4 

0 

0 


Spleen 

-b 4-4-4- 

4 — 1 — 1 — b 

44 

0 

0 

0 


Heart 

4444 

0 

0 

0 

0 

0 


Muscle 

0 

0 

0 

0 

0 

0 


Antigens, saline extracts of frozen normal tissues as indicated. 

Normal rabbit serum D R 5-65, 1 12,— known from previous tests to contain the natural 
tissue antibod> (see Table EH) 


noteworthy exceptions (Tables IV and V) The results of absorption tests, 
however, proved that the new serum principle has affinities wholly distinct 
from those of the natural antibodies mentioned (Table V) Since its incidence 
and heat lability proved similar to those of the so called natural antibodies, 
and because it possesses a strict affinity for a sedimentable constituent of nor- 
mal tissue cells (about which more further on), it has been termed the natural 
tissue antibody More will be said about it m the discussion, after scrutiny 
of the tissue substance with which it reacts tn vitro 

* 

Characteristics of the Tissue Substance with Winch the Natural Antibody Reads 

Normal rabbit livers provided the antigens for the preceding complement 
fixation tests Will other rabbit organs serve as well? The experiment sum- 
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manzed in Table VI yields an answer to the question For saline extracts, 
made as already described from the kidney, liver, lung, brain, spleen, and 
heart tissues of two rabbits, all reacted with a serum known to contain the 
natural tissue antibody, their capacity to do so varying from much to little in 
the order gr\en Saline extracts of the voluntary musdes had comparatively 

TABLE VII 


Reaction qf Ike Natural Antibody xntk Ccnirifmallxed Extracts of Normal Rabbit Tissues 



Normal rabbit serum DJL 5-70 1 8, known to contain the natural tissue antibody (see 
Table HI) 

little or no such ability The results have often been confirmed saline extracts 
of the organs just mentioned, obtained from many normal rabbits, invariably 
fixed complement in mixture with normal rabbit sera known to contain the 
natural antibody, and their ability to do bo was in general much as shown m 
Table VI Numerous tests failed to disclose the effective substance in either 
the erythrocytes or the blood sermn cti normal rabbits, though it was found m 
noteworthy amounts in extracts of whole rabbit embryos. Experiments will 
be reported further on which show that it is also present in extracts of the 
tissues of alien species. 
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It seemed important to learn whether the material with which the natural 
antibody reacts can be thrown down readily in the high-speed centrifuge For 
this is a property shared alike by many viruses and by certain constituents of 
normal and neoplastic tissues (5), including the distinctive substance of the 
Brown-Pearce tumor Cl) 

To decide about this, 1 10 extracts were made in dilute phosphate buffer (Sor- 
ensen’s, approximately 0 005 M, pH 7 3) of the frozen normal liver of rabbit D R 
(domestic rabbit) 5-73 and of the fresh kidney of D R 4-64 The extracts were spun 
briefly to throw down the coarse tissue debris, and the densely opalescent supernatant 
liquids divided into 7 cc. lots A 3 cc portion of each material was sa\ed as such 
(whole extract), and others were spun in the air-dnven centnfuge for 1 hour at speeds 


Complement Fixation Tests with Sera of (a) Normal and (6) S; 


Source of serum 

Rabbit 

No 

| Alcoholic extracts 

Normal rabbit liver 


1 25 

1 50 

Antigen < 

1 100 

illutlon 

1 200 

1 400 

ll 800 

1 25 

1 5 


13-94 

0 

0 

0 

0 

0 j 

mm 

0 

0 


13 95 

0 

0 

0 

0 

0 

Kl 

o 

o 

(a) Normal rabbits 

13-92 

0 

/ 0 

0 

0 

0 

o 

0 

0 


13-93 

o 

0 

0 

0 

0 

0 

0 

m 

( b ) Rabbits with experi 

3-25 

-H-H- 

-H-H- 

+++± 

-1 hl'ib 


0 

++++ 

+-H 

mental syphilis 

3 17 

++++ 

+++ 

+ 

0 

0 

0 

-H-H- 

++4 


Complement, 2 units in all tubes 
Sera diluted 1 4 Heated 56°C 

The antigens were made from the tissues of a single normal rabbit — D R 2-72 


of 7,500, 15,000, 20,000, and 30,000 spil, respectively The supernatant liquids 
were poured off and the sedimented materials resuspended in the original -volume of 
dilute buffer The materials were kept cold during the entire procedure, and the 
sedimented ones were resuspended carefully and uniformly, according to a procedure 
already described (1) 

The results of tests with the various fractions are set down in Table VII Both 
of the whole extracts proved notably effective in mixture with a 1 8 dilution of a 
serum that was known to contain the natural tissue antibody (D R 5-70) The 
supernatant fluids of the materials spun at 7,500 r r.n fixed complement in several 
dilutions in the tests, but thev did so in lesser degree than did the corresponding resus- 
pended sediments The supernatant fluids of the materials spun tw ice as fast w ere 
much less effectiv e and the resuspended sediments much more so Practically all of 
the effective substance was thrown down in the materials spun at 20, 25, and 30 
thousand r v xi , comparativ elv little or none of it remaining in the supernatant liquids 

From Tables VI and VH it becomes dear that the substance with which the 
Datura! tissue antibody reacts is widely distributed in the tissues of normal 
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rabbits and that it can be thrown down readily in the high-speed centnfuge, 
comparatively little or none of the effective material remaining in the super- 
natent liquid when extracts containing it ore spun at 25,000 jlp.il (45,400 g) 
for 1 hour The implications of the finding will be discussed further on 

Certain of the other properties of the reactive tissue constituent will now 
be described 

Effcti of Alcohol on the Tissue Substance — Table Vill shows the results of an 
experiment in which the sera of 4 normal adult rabbits were tested in mixture with 
alcoholic and saline extracts of normal rabbit liver and heart The sera of 2 rabbits 
with experimental syphilis were included for comparison. The alcoholic extracts 
were made by grinding the fresh tissues as usual and extracting overnight id 5 volumes 
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of 95 per cent alcohoL The filtered alcoholic extracts (1 5) were then added slowly 
to 4 volumes of sahne so as to form suspensions of maximum turbidity (1 25) which 
were used m the tests as such and alter further dilution with saline, in comparison 
with saline extracts made os usual of the same tissues which had been kept overnight 
a t -2TC. 

4 None of the 4 normal rabbit sera reacted with the alcoholic extract*, though both 
of the syphilitic rabbit sera did so (Table VUI) As was expected, all of the sera 
reacted with the saline extracts of the normal tissues. Manifestly, the tissue sub- 
stance with which the natural antibody reacts is either destroyed by alcohol or does 
not come away into it 

Effect of Heat — Table DC shows the results of one of several similar experiments. 
A110 extract was made m dilute phosphate buffer (pH 75) of the frozen normal liver 
of rabbit 5-69, and likewise a 1 10 extract m 0 9 per cent sodium chloride solution of 
the frozen normal liver of rabbit 5-73 These were spun at 4400 jnpxf for 20 sonata 
and the supernatant liquids, which were opalescent but free from gross partides, 
were removed. They will be referred to as whole extracts. A portion of each whole 
extract was spun at 25 000 R.P.M. for an hour and the sediments carefully resuspended 
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in buffer and saline respectively, to provide suspensions of the active material par- 
tially freed from extraneous materials The two materials were then divided into 
several lots of 3 0 cc. One lot of each was kept unheated as controls and the rest 
were heated for 30 minutes in water baths at temperatures of 56, 60, 65, 70, and 75°C , 
respectively Heavy precipitates formed in some of the heated materials (notably 


TABLE IX 

Eject of Heat on the Reactive Constituent of Normal Rabbit Tissues 


Source of test antisen 

Heating 
30 min 

Grow appearance 

Whole liver extract In 

Unheated 

Opalescent 

dilute buffer pH 7J 

56'C 

Heavy precipitate 

(DR S-69) 

60* 

It II 


65 

II 1 


70* 

tl U 


75“ 

tl (1 

Whole liver extract In 

Unheated 

Opalescent 

physiological saline 

56“C 

Heavy predpitate 

(DR 5-73) 

60° 

it it 


65° 

it <t 


70 

ti tt 


75* 

tt it 

Partially purified! liver 

Unheated 

Slightly opalescent 

extract in buffer 

56*C 

u n 

(DR 5-69) 

60* 

ti tt 


65“ 

Opalescent 


70“ 

“ 


75* 

tt 

Partially purlfiedtlrver 

Unheated 

Slightly opalescent 

extract in physiologi 

56*C 

■ ( it 

cal saline CD JR 5-73) 

60* 

it it j 


65“ 

Moderate precipitate 


70* 

Heavy 


75* 

II II 


Complement fixation teati* 


1 10 


+ 

0 

0 

0 

0 


f++4 


+ 

+ 

0 

0 

0 


1 20 


-H- 


Antigen dilation 
1 40 | 1 80 | 1 160 


f++4 


H-+4 


-++4 


-f-H- 


L 1-1-1 
Tn IT 


++ 


-H-H-l 

■f-W 


+++i 


+± 

+ 

+ 


+ 

0 

0 

0 


■H-+4 


++-H 


■H-+4 


-1 - 1 - 1-1 


f-H-4 


++± 

zfc 

0 


44 

0 

0 

0 

0 


4444' 


4 

0 

0 

0 


44* 


1 320 I 1 610 


4 

0 

0 

0 

0 


4444 


44 


H4 

4444 


H- 


H-+=fc 


4444 


44=b 

44 

=fc 


4 

0 

0 

0 


44- 


44 




++± 

4=fc 


r+++| 

44 

4 

0 

0 

0 


•44 


444- 


44± 

44 

0 

0 

0 


44 

4 

0 

0 

0 


444- 


4444 
=fc 1 


4444 


H44 


4444: 

++± 

4 

o 

o 

0 


444± 

=t 

o 

0 

0 

0 


44* 


■ Normal rabbit serum D R 5-69, 1 8, known to contain the natural tissue antibody m high 


titer 


J Spun down once in the high speed centrifuge (25,000 R-P.u for 1 hour) and resuspended uuthe 
original volume of fluid. 


in the whole extracts— see the table) but these broke up readily and were resuspended 
before use in the complement fixation tests 

From Table IX it is seen that the whole extracts heated at 56°C and 60°C reacted 
very poorly m the tests and those heated at higher temperatures not at all The 
results were different, however, with the partially purified materials These were 
not nsiblj affected by 56°C and 60°C , though the higher temperatures brought about 
an increase in opalescence of the ones suspended in dilute buffer and moderate and 
heavy precipitates in the materials suspended in physiological saline The partially 
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punficd materials heated at 56° C. were less than half as effective as the corresponding 
unheated ones, and the higher temperatures resulted in a progressive loss in activity 
But this was not completely destroyed even at 75°C It is noteworthy that the 
material suspended in the dilute phosphate buffer was more effective to begin with 
than that suspended in physiological saline. 

Other experiments yielded similar results. In one, 3TC. and 4S°C for 30 minutes 
brought about no perceptible change in the activity of materials derived from normal 
rabbit liver and kidney that had been washed twice in the high-speed centrifuge and 
resuspended in dilute phosphate buffer But 56°C reduced their effectiveness by 
more than half and the higher temperatures reduced it still more though 75°C failed 
to inactivate the materials completely In still another test, twice washed liver 
material which had stood 2 weeks m the refrigerator in suspension in dilute buffer 
proved moderately effective when used unheated but was almost completely devoid of 
activity after heating for half an hour at 56°G. and at 65°C 

Effects of 1 anotis Extractives — Incidental observations revealed that much of the 
active material comes away from ground tissues into physiological saline and even 
more into dilute phosphate buffer (Sorensen s, pH 7,3 approximately 0 005 m) Ty- 
rodc s solution carefully adjusted to pH 7.3 with CO* proved poor as on extractive, 
less than half os much of the active substance being present in Tyrod e-extracts as in 
0 9 per cent saline-extracts of identical normal tissues. 

Inacitvation upon Standing — Standing several days or even overnight In the re- 
frigerator at about 4 C had a markedly deleterious effect upon saline suspensions 
containing the active material from kidney or liver These soon became more opal- 
escent than when fresh, and after a day or two flocculations were visible in them, and 
the materials were found on test to have lost much or all of their ability to react with 
sera containing the natural antibod} The deleterious effects were noted also in 
buffer extracts, but were less marked in these. 

GlvccroUUed and Frozen Tusues as a Source of Antigen — A comparison of glycero- 
lated and frozen tissues proved that the latter were superior as a source of the tissue 
substance. The liver, kidney, and testicle tissues from 2 normal rabbits diced fn 
pieces a few millimeters across and kept in SO per cent glycerol Locke s solution for 
10 days yielded less than half as much of the active material as did specimens of the 
same tissues kept frozen at — 22°C. 

From the observations just recorded it is plain that the constituent of nor 
mnl tissues with which the natural antibody reacts is either inactivated by 
alcohol or does not come away into it It is destroyed by mild heating (56-70°C 
for 30 minutes) , its effectiveness diminishes upon standing a few days m the 
refrigerator, and it is adversely affected by glycerol and by certain salts. 
Further consideration will be given to its properties in an associated paper 

SUMMARY 

The foregoing experiments have shown that complement fixation takes place 
when the blood serum of normal adult rabbits is mixed with fresh saline ex 
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tracts of normal rabbit tissues under controlled conditions A natural anti- 
body, which reacts m vitro with a sedimentable constituent of normal tissue 
cells, is responsible for the phenomenon 
Further observations on the theme are reported m an associated paper, and 
the findings as a whole are discussed 

References to both papers are given at the end of the second paper (page 576) 



A NATURAL ANTIBODY THAT REACTS IN VITRO WITH A 
SEDIMENTABLE CONSTITUENT OF NORMAL TISSUE CELLS 

II Specificity of the Phenouenon General Discussion 

By JOHN O KIDD, M D, and WILLIAM F FRIEDEWALD MU 

{From Ike Lohoratma of The RachefeOer Institute for Uedual Research) 

(Received for publication, July 6, 1942) 

In the preceding paper experiments are described which demonstrate the 
presence of a natural antibody in the blood of normal adult rabbits which re- 
acts with a sedimentable constituent of normal rabbit tissue cells. Observe 
tions will now be reported which deal further with the distribution and affinities 
of antigen and antibody and with their characters. 1 

Reaclion of the Natural Antibody and Various Rabbit Tissue Extracts 
In the foregoing experiments, saline extra eta of various rabbit tissues 
nearly all reacted with sera containing the natural antibody, though there 
were noteworthy and fairly regular differences in their capacity to do so 
(Table VI) It eeemed possible that the quantitative differences might be 
due either to a single substance present in various amounts m the different 
tissue cells which reacts with a single natural antibody, or to a variety of organ- 
or cell-specific substances each reacting with its own natural antibody In an 
experiment to learn more about tins, the sera of 8 normal rabbits of va nous 
breeds were tested m mixture with antigens made from the freshly procured 
kidney, liver, spleen, brain, and heart muscle tissues of a single rabbit Table 
X shows the results of the tests, which confirm and extend those of the pre- 
ceding experiments. As in the tests of Table VI, the various sera manifested 
regular differences in their abilities to react with the several antigens, in general 
fixing complement best in mixture with the kidney antigen, next best with the 
one made from liver, and then with those derived from spleen, brain, and heart 
muscle, in the order named The serum with the highest titer of the natural 
tissue antibody, as shown by its ability to react with the kidney and fiver anti 
gens — that of rabbit 69 — also reacted best with the spleen, brain, and heart 
muscle antigens And so too, in diminishing titers, did the sera of rabbits 63, 
65, and 66 The rest of the sera (70, 74, 77, and 71) exhibited progressively 
weaker reactions in mixture with the kidney antigen. They felled to react 
perceptibly with the heart antigen and gave weak fixation or none at all in 
mixture with the brain, spleen, and liver antigens. 

1 To facilitate discussion the tables and references in the two papers are num 
bered consecutively 
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The regularity of the findings just descnbed would seem to suggest that the 
natural tissue antibody has a specific affinity for a single substance, which is 
present in various amounts in different tissues Further evidence that this is 
the case is provided by the findings of the next experiment, in which sedi- 
mented substances derived from normal rabbit kidney, brain, and liver, re- 
spectively, were used in absorption tests with sera known to contain the natural 
antibody 

The sera were first heated at 56°C for 15 minutes to inactivate complement, and 
then were absorbed with washed sheep erythrocytes (2 0 cc of packed cells plus 6 0 cc 
of each serum, incubated 15 minutes at 37°C ) to remove any natural sheep hemolysin 
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The antigens -were 1 30 saline extracts made as usual from the fresh normal tissues of a single 


The kidney, brain, and liver particles to be used for absorption were prepared by grind- 
ing the fresh tissues of a single rabbit, suspending these 1 10 m saline and centrifuging 
at 4400 RdP m. for 10 minutes The supernatant fluids were then spun at 25,000 r.p m. 
for 1 hour in the air-dnven machine, and the sedimented materials resuspended in 
one-third the original volume of dilute phosphate buffer, pH 7 3 The suspensions of 
kidney and liver particles were densely opalescent, that of the brain particles much less 
so Just before use all of the suspensions were rendered isotonic by the addition of 
suitable amounts of 18 per cent NaCl solution Mixtures of the four sera were made 
with 3 volumes of s alin e, and with 3 volumes of the 1 10 suspensions of kidney, brain, 
and liver particles, respccti\ ely The absorption mixtures were incubated 2 hours at 
47°C , then kept overnight in the refrigerator None developed visible floccules 
They were all spun at 25,000 r p il for 1 hour and the supernatant liquids removed for 
test with antigens consisting of 1 30 saline extracts made as usual from the frozen kid- 
ney , brain, and liver tissues of another rabbit 

Table XI shows the results of the tests All of the control mixtures of sera and 
saline reacted with the three antigens in varying degrees, whereas the specimens that 
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h»d been absorbed with the kidney substance faded to do so The sera that had been 
absorbed with the brain material had no capacity to react with the brain and liver 
antigens and their ability to react with the kidney antigen was markedly reduced. 
The liver substance had absorbed completely the capacity to react with liver antigen 
and largely that to react with brain antigen, and had brought about a marked reduc 
tion in the reactions with the kidney antigen. 

Manifestly some antibody remained in the mixtures absorbed once with the brain 
and liver materials for these retained in some part their capacity to react with the 
kidney antigen. To learn whether this residual antibody could be removed, the specs 
mens of rabbits 15- S3 and 15-90 that had been absorbed once with brain substance 
were again absorbed as before this time with an equal volume of a 1 10 suspension of 
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rabbit liver substance prepared as previously from the froxen tissues of the same 
arumaJ, and likewise the specimens of rabbits 5-74 and 15-34 that had been absorbed 
first with liver were reabsorbed with a fresh preparation of brain Subsidiary tests 
were then made to sec whether the twice absorbed sera, along with appropriate saline 
controls, would stai react with a normal rabbit kidney antigen. The controls did so 
precisely as m the table but the reabsorbed sera gave no reactions whatever 

In sum, the various tissue substances differed notably in their capacity to 
absorb the natural antibody and to fix complement in mixture with it, but there 
is no suggestion that these differences were more than quantitative (Table XI) 
On the contrary, the kidney substance (which was the most potent) absorbed 
completely the capacity of the sera to react with all of the antigens, and re- 
peated absorption with either brain or liver substance (which were less potent) 
had the same effect. The findings hare been repeatedly confirmed in other 
bud jlar experiments. 


Absorption of the Natural Antibody mth Suspensions of Sedimented Substances from Rabbit Ktditcy, Brain, and Liver 
I Complement fixation tests 
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* Sec text for description of method and materials 
t Negative after rcabsorption with brain substance, — sec text 
I Negative after rcabsorption with liver substance, — see text 
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Reaction of the Natural Rabbit Antibody with Extracts of Tissues of 
Alien Species 

The fact that the substance with which the natural antibody reacts can be 
extracted from many rabbit tissues (Tables VI and X) brings up the possibility 
that it may be present also in the tissues of other speaes. This proved to be 
the case Tests were made using rabbit sera known to contain the natural 
antibody m mixture with saline extracts of the liver, kidney and brain of the 
mouse, guinea pig, chicken, and rat. Fixation was invariably got, and the 
reactions were about as potent as those with extracts of corresponding rabbit 
organs As a further step towards identifying the affinities of the natural anti 
body, it seemed important to learn whether absorption of rabbit sera with 
sedimented substances from rabbit tissues would remove their capacity to react 
with extracts of the tissues of alien species. 

The results of an experiment to test the question are set down in Table XII, m 
which the sera of two domestic rabbits were absorbed precisely as in the experiment of 
Table \3 (q r ) with sedimented substances derived from rabbit kidney and hver The 
absorbed sera, along with control unabsorbed specimens, were tested with antigens 
made from the frozen kidney, hver and brain tissues of various normal animals (rabbit, 
mouse guinea pig chicken and rat) Both of the unabsorbed specimens gave fixation 
m mixture with afl of the tested antigens (the chicken brain antigen was omitted 
through an oversight) As was expected from the findings already mentioned fixation 
was about as potent with antigens procured from the alien species as with those from 
the rabbit, though the rat kidney antigen was notably more potent in thu experiment 
for some reason not understood. Absorption with the sedimented substance from 
normal rabbit kidney rendered both sera devoid of capacity to react with any of the 
antigens, except for slight reactions in the mixtures containing rat and mouse kidney 
antigens. Absorption with the hver substance which as in the preceding experiment, 
was less potent as an absorbing material than the kidney substance, also removed 
largely or completely the capacity of the sera to react with afl of the antigens, whether 
derived from rabbit tissues or from those of the other spedea. 

Absorption with sedimented substances from normal rabbit tissues removed 
not only the capacity of rabbit sera to react with extracts of homologous tis- 
sues, but also their ability to react with extracts of the tissues of alien species 
(Table XU) It follows that the tissue substance with which the natural anti- 
body reacts is probably the same, or much the same, whether derived from 
rabbit tissues Or from those of other speaes. 

The Natural Tissue Antibody As Distinct from Those Directed Specifically against 
the Rabbit PapiUoma Virus and the Distinctive Substance of the 
Brown Pearce Tumor , Respectively 

In previous serological studies with the rabbit papilloma virus (6) and the 
distinctive substance of the Brown-Pearce tumor (1), the teat antigens were 
prepared as routine from glycerolated (or occasionally frozen) tissues. These 



TABLE XII 

Complement Fixation Reactions with Normal Rabbit Sera and Tissue Antigens from Other Species 
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wo:c extracted overnight in the refrigerator, then spun clear, and heated at 
56°C for 30 minutes immediately prior to use— thus following the time- 
honored, empirical procedures to avoid or dimmish “non specific” complement 
fixation. The findings of the present work have shown that the substance 
with which the natural tissue antibody reacts Is adversely affected by glycerol, 
that it is largely inactivated upon heating at S6°C for 30 minutes, and that it 
deteriorates rapidly when left in the refrigerator in suspension in isotonic 
saline fpie procedures employed empirically in the preceding worl were as 
though designed to destroy the tissue constituent with which the natural anti 
body reacts Hence it is not surprising that the natural antibody remained 
undisclosed m the control tests of those studies 

It is Interesting to note m this connection that the reactions of the natural tissue 
antibody and the sedimentable constituent of normal tissues were not observed b) 
Hoyle (7) or by Chec\er (8), who partial!) repeated the serological studies with the 
papilloma virus and the Brown Pearce tumor antigen respectively Jacobs and 
Houghton (9) on the other hand while attempting to repeat the serological expert 
merits with the Brown Pearce tumor, observed that some normal sera had the capacity 
to fix complement under the conditions of their tests, and that prolonged centnfuga 
tion or filtration through a Mandler filter or simply passage of tune would reduce the 
complement fixing capaat) of their antigens It seems unlikeiv that thev encountered 
any sera containing the antibod) that reacts specifically with the distinctive Brown 
Pearce tumor antigen for the reactions they observed were weak at best The inter 
pretahem of their findings, which arc not given in detail must remain in doubt but it 
fa possible that reactions of the natural antibody and the normal tissue substance ma) 
hav e been responsible for the results 

With a view to learning whether the natural tissue antibody may have 
entered into the reactions already reported as involving the papilloma virus (6) 
and the Brown Pearce tumor antigen (1), an experiment was set up in which 
specimens of the sera of normal rabbits, of rabbits carrying virus papillomas, 
and of rabbits implanted with the Brown -Pearce tumor were heated at 56°C 
and at 65°C and tested for capacity to fix complement in mixture with various 
antigens. 

The extracts containing the antigens were made fresh from frozen, tissues, as in the 
experiments of the present paper Table XIII shows the results of the experiment 
the details follow* — 

The normal rabbit sera (5-65 and 5-69) were known from previous tests to contain 
the natural tissue antibody in high titer Rabbits 14-71 and 14-72 carried four large 
pancake papillomas as result of the inoculation 42 days before of highly pathogenic 
WJL (wOd cottontail rabbit) 1 28 virus. The sera of rabbits 5-01 and 5-OS had been 
procured 31 days following multiple implantations with the Brown Pearce tumor 
they had been much used in the Brown Pearce work already reported and were known 
to contain the specific antibody in high titer (1) Specimens of the sera were heated 
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Antigens, 1 40 saline extracts of frozen tissues 
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at 56° C. and at 65* C and tested in mixture with antigens made predselv as in the 
other experiments of this paper fresh 1 40 saline extracts of frozen tissues from (a) 
normal rabbit kidney (D R. 4-64), (6) a naturally occurring virus papilloma (\V R. 
K 1), and (c) a vigorously growing Brown Pearce tumor from the leg muscles of D R. 
14-04 

From Table XIU it will be seen that all of the six sera contained the natural tissue 
antibody, for, when heated at 56°C , all fixed complement in mixture with the normal 
rabbit kidney antigen, but when heated at 65 C., all faDed to do so As already stated 
the two normal rabbit sera had been chosen because they were known from previous 
tests to contain the natural tissue antibod} in high titer The titer of this was lower 
in the sera of the rabbits carrying vims papillomas and still lower m the sera of the 
rabbits carrying Brown Pearce carcinomas, as the table shows, but this would seem to 
be merely fortuitous. It is Interesting that the sera of the normal rabbits and those of 
the Brown-Pearce rabbits gave no fixation or practically none in mixture with the virus 
papilloma antigen. Manifestly the tissue substance with which the natural antibody 
reacts was not present in effective amount in the 1 40 saline extract of the virus 
papilloma. The normal rabbit sere heated at 56°C gave positive reactions In dflu 
Lons as high as 1 16 in mixture with the frozen Brown Pearce tumor antigen and so 
too in lesser dilutions did the sera of the rabbits carrying virus papillomas But the 
reactions were of an entire!} different order in the mixtures containing the sera of rab- 
bits implanted with the Brown Pearce carcinoma (5-01 and 5-08 ) , in these fixation 
was complete in all dilutions tested 

The real and striking specificity of the serological reactions is brought out In the 
results with the mixtures containing the six serum specimens heated at 65°C for the 
natural tissue antibody was thus destroyed The sera of the normal rabbits gave no 
reaction with any of the three antigens those of the rabbits carrying virus papillomas 
(14-71 and 14-72) reacted to considerable dilutions with the virus papilloma antigen 
but failed to fix complement in mixture with the normal kidney or Brown-Pearce tumor 
antigens and the sera of the rabbits implanted with the Brown-Pearce tumor (5-01 
and 5-08) reacted with the Brown Pearce tumor antigen in all of the dilutions tested 
but gave no fixation in mixture with either of the other two antigens. There were no 
croes-reactions whatever 

From the findings just given (Table XIII) and those already recorded it be- 
comes plain that the natural antibody and the normal tissue constituent with 
which this reacts can be largely disregarded m complement fixation tests with 
the papilloma virus and its antibody For the normal tissue substance cannot 
be detected in the dilutions of papilloma extracts employed as routine, while 
furthermore, as already stated, glycerol inactivates the normal tissue substance, 
and glycerolated papillomas have been regularly employed as a source of 
antigen m complement fixation tests with the papilloma virus and its antibody 
In addition, an extensive experience has now shown that the complement fixing 
capacity of any given papilloma virus-immune serum invariably parallels its 
virus-n eu trahxing capacity, and many findings indicate that the antiviral 
antibody reacts with the virus itself or with an integral part thereof, and that it 
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has no affimty for other constituents of the papilloma cells nor any for normal 
tissue components (6) 

The circumstances differ, however, with respect to serological experiments 
with extracts of the Brown-Pearce tumor For, as Table XIII shows, normal 
rabbit sera that contain the natural antibody will react with freshly made 
extracts of frozen Brown-Pearce tumors, which would seem to contain a small 
quantity of the “normal” tissue constituent in addition to the tumor-specific 
one 2 True, this reaction is not notably strong, even when sera containing 
high titers of the natural antibody are employed, and it can be avoided if the 
sera are heated at 65°C for 30 minutes, — an amount of heating that has no 
significant effect upon the antibody that reacts specifically with the Brown- 
Pearce tumor antigen (Table XHI) Repeated experiments have shonn, 
furthermore, that the reactions with normal sera can also be avoided if the 
Brown-Pearce tumor antigens are prepared as m the original work (1), — i e , 
by allowing the saline extracts to stand overnight m the refrigerator, then 
centrifuging and heating at 56°C for 30 minutes pnor to use For in this way, 
as already mentioned, the tissue constituent with which the natural antibody 
reacts is inactivated Even so, it has seemed essential to resurvey the question 
of the specificity of the serological reactions with extracts of the Brown-Pearce 
tumor This has recently been done and the results will soon be published 
in detail 3 * 5 

Strict Affinity of the Natural Antibody for the Sedimentable Tissue Constituent 

In order to learn more about the specificity of the reaction between the 
natural antibody and the sedimentable constituent of normal tissues, an ex- 
periment was next set up in which rabbit sera known to contain various specific 
antibodies and presumably the natural antibody as well were tested for capacity 
to fix complement in mixture with antigens made from normal rabbit liver, 

2 More will be said about the presence of the ‘‘normal” tissue constituent in extracts 

of various diseased tissues in connection with the next experiment and in later com- 

munications 

5 Briefly, the findings support the conclusions reached heretofore (1) The antibody 
that reacts specifically with the distinctive constituent of the Brown-Pearce tumor 
dev el ops infrequently in ordinary hybrid rabbits implanted with the growth, as 
Checker noted (8), yet it often reaches high titer in specially favorable hosts, as in the 
sera of rabbits 5-01 and 5-08 of Table XIII It has never been found in the serum of 
normal rabbits, in that of rabbits carrying transplanted cancers of other sorts, or in the 
blood of control animals with svphihs or other laboratory infections The distinctive 
substance with which it reacts is regularly present in large amounts in the Brown- 
Pearce tumor, but cannot be detected in extracts of the normal tissues of rabbits or in 
other rabbit neoplasms 
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from the Brown Pearce tumor, and from virus-induced fibromas, vaccmial 
lesions, and virus papillomas respectively 

Fiv e sera were used That of normal rabbit 6-72 was bn own from previous tests to 
contain a high titer of the natural antibody Rabbit 5-52 had been implanted in six 
muscle situations with the Brown Pearce tumor 46 days before bleeding tumors 
appeared at all of the Implanted situations and reached asixeof30to50cm. across 
before the 18th da> but regressed abruptly between the 18th and the 28th days. The 
serum of this rabbit had been found on previous tests to contain a high titer of the 
specific antibody for the distinctn e substance of the Brown Pearce tumor it had not 
been tested for the natural antibodv Rabbit 1 74 had been used to titrate the fibroma 
virus this had been inoculated into the skin of the rabbit at 24 situations, with result 
in os many large fibroma lesions which had healed when the animal was bled 38 days 
after the inoculations. The serum of rabbit 16-01 had come from an animal originally 
Infected with vaccine virus, which had later received repeated Injections of suspensions 
of the elementary bodies of vaccinia. It was generously made available by Dr 
Joseph E Smadel. Rabbit 16-41 which provided the final serum had received three 
in tra peritoneal injections of a filtrate containing large amounts of the papilloma virus 
Its scrum was known to contain the specific papilloma virus antibod) in high titer 

The fn e antigens came from normal rabbit liver, the Brown Pearce tumor, and from 
rabbit tissues infected respectiveh with the fibroma virus, vaccine virus, and the 
papilloma virus. The swollen tea tides of a rabbit infected 3 days previously with 
fibroma virus had been saved frozen as had also the normal liver and Brown Pearce 
tumors of other animals. The glycerolated natural papillomas of W R. 2 95 provided 
an antigen known to be nch in papilloma virus. The frozen liver Brown Pearce 
tumor and fibroma tissues and the glycerolated W R. papilloma tissue were ground 
as usual and suspended 1 10 in dilate phosphate buffer The suspensions were spun 
at 4400 kJML for 10 minutes to remove coarse tissue fragments and the supernatant 
fluids then spun at 25 000 jlpal for 1 hour in the high-speed centrifuge. The dear 
supernatant liquids were poured off and the sedimented pellets resuspended in the 
original volume of dilute buffer for use in the testa. Dr Smadel generously furnished 
the fifth antigen a potent suspension of the elementary bodies of vaccinia freshly 
prepared by a standard method (10) 

Table XIV shows the results of the tests. All of the sera except one (1 74) con tamed 
the natural antibody in considerable titer as shown b> the reactions with normal liver 
antigen of the specimens heated at 56 C which were abolished when the sera were 
heated at 65°C Normal serum 6-7 2 also reacted with the Brown Pearce tumor anti- 
gen and with the fibroma antigen but much less well with these than with the normal 
liver antigen, and so too with the three other sera that contained the natural antibody 
(5-52 16-01, 16-41) It is especially noteworthy that none of the sera reacted with 
the purified suspension of vaccinia elementary bodies except that of D.R. 16-01 which 
contained specific, heat stable anti vaccmial antibodies and likewise that none of the 
sera reacted with the antigen containing the papilloma virus except that of D.R 1641, 
which contained the specific papilloma virus antibod) As already mentioned 
the reactions of the natural antibody were abolished when the sera were heated at 
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65°C for 30 minutes, whereas the specific antibodies —those directed respectively 
against the distmctne constituent of the Brown-Pearce carcinoma (serum 5-52), the 
fibroma virus or an associated soluble antigen (serum 1-74), the L-S complex of vac- 
cinia (serum 16-01), and the papilloma virus (serum 16-41), — were but little affected 


Tests for Natural and * 



Antigens All spun at 4400 b-PAI for 10 minutes to remove coaise matenal, then at 25,000 R-P.M fi 
vaccinia antigen, which was a suspension of elementary bodies prepared according to a standardized n 
Sera All 1 8 

The results of the experiment (Table XIV) show clearly that the heat-labile 
natural antibody, which was present m substantial amount m four of the five 
sera (all except 1-74), failed to react with antigens containing large amounts 
of vaccine virus and papilloma virus respectively, though it reacted notably 
well with the antigen made from normal rabbit liver and to a lesser extent 
with those derived from the Brown-Pearce tumor and the fibroma lesions 
Manifestly, the natural antibody has a strict affinity for the sedimentable 
tissue constituent, which is present in extracts of certain diseased as well as 
normal tissues, and none for the two viruses mentioned 








niion of the ledimented pelleU In the original volume of dilute phosphate buffer, — except the 
made available by Dr SmadeL 

saline extracts of normal tissues. Facts were procured which show that the 
reaction is due to a naturally occurring serum principle which combines spe- 
cifically ttt vttro with a sedimentable constituent of many normal tissue cells. 
Both the serum principle and the substance with which it reacts have imphea 
tions for discussion 

The serum principle would seem to be a natural antibody For, as the ex- 
periments have shown, it appears naturally in the blood of almost all normal 
adult rabbits, and, like the generality of antibodies, can be precipitated from 
serum with ammonium sulfate, fixes complement in mixture with a single sub- 
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stance (or class of similar substances), and can be specifically absorbed thereby 
in the absence of complement Furthermore it resembles other natural anti- 
bodies of normal rabbit’s blood m being more labile to heat than are induced 
antibodies Yet to state that the serum principle would seem to be a natural 
antibody is not to define it precisely, for the character of these is but poorly 
understood 


Origin and Character of (he Natural Tissue Antibody 

The natural tissue antibody manifestly originates under physiological con- 
ditions It could be an autoantibody, meaning thereby that it might appear 
m response to constituents of normal tissue cells that act as antigens following 
liberation from injured or dying cells Or it might be formed in a simpler 
way the synthesis of globulin might normally take place — as implied m the 
theories of Haurowitz, Mudd, and others (12) — in such a way that some of the 
molecules would become specifically oriented to conform with a certain part 
of the sedimentable cell constituents, with result in a fraction of “normal” 
globulin having the special affinity that distinguishes what has here been 
termed the natural tissue antibody Rabbit globulin as such does not mani- 
fest its properties, however, for the quantity of normal globulin differs but 
little from one adult rabbit serum to the nett, as is well known, whereas the 
titer of the natural antibody vanes quite widely In this connection, the fact 
may be mentioned that a number of rabbit sera were recently tested for capac- 
ity to flocculate mastic — a reaction presumably brought about by normal 
globulin (11) — and, at the same time, for capacity to fix complement m 
mixture with normal tissue extracts The vanous sera proved almost pre- 
cisely alike in their ability to flocculate the gum but differed markedly in their 
reactions with extracts of normal tissue 

The natural tissue antibody would seem to be m a different categoiy from 
certain other so called natural antibodies, — the ones effective respectively 
against herpes, yellow fever, and influenza viruses, E colt, the toxins of scarlet 
fever and diphtheria, for example For these latter are hardly “natural” 
in a strict sense but appear to represent responses to chance contacts with the 
viruses or with the specific microorganisms or their products (13) Further- 
more, they have to do in part at least with the development of immunity to the 
agents mentioned (13), whereas the natural tissue antibody has no discernible 
relation to the phenomena of immunity to disease 

The natural tissue antibody is distinguishable by its strict affinity for a 
sedimentable substance extractable from many normal tissue cells It is not 
absorbed by sheep erythrocytes, as are the natural Forssman antibodies, 
and it does not react with alcoholic tissue extracts, as do the natural Wasser- 
rnann antibodies of rabbit’s blood Furthermore it differs from other so 
called physiological antibodies in that both it and the substance with which it 
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reacts are usually present together in the same individual, while the antibodies 
that react with the blood group substances, for example, and those that react 
with the Forssman substances are present only in individuals with tissues 
presumabl} devoid of those substances (14) 

At first thought it seems strange that an individual can carry m its blood an anti 
body capable of reacting with a constituent of its own tissues- Indeed one might 
suppose that under such circumstances the antibody would necessarily be absorbed 
and become fixed upon the tissue components for which its affinities fitted it, as 
actuath happens in the paroxysmal hemoglobiDum of syphilitic human beings, m 
which induced autoanti bodies cause lvsis of erythrocytes. But this reaction takes 
place onl) at temperatures somewhat lower than those normal for the human bod) 
(15), and so too when the natural and induced autohemagglutiruns of rabbits blood 
cause clumping of red cells (16) B) contrast the antibody now under consideration 
reacts at 40° C and quite as well as at lower temperatures, as recent experiments have 
shown. Hence other reasons must be sought to explain why it fails to react in nt-o 
with the normal tissue constituent 

The natural antlbod) , once it gets into the blood ma\ never again come into effet 
ti\ e contact with the sedimentable constituents of living cells. This would be true 
for example, if the latter were situated within the cell protoplasm or were associated 
with other cell constituents in such wise as to be shielded In this relation the fact 
ma> be recalled that viruses arc protected from the action of specific antiviral anti 
bodies so long as they remain associated with living cells, — a phenomenon that is es- 
pcaalh striking in the case of the rabbit papilloma virus, which continues to increase 
in amount m association with proliferating cells even when these ore constantly now 
Uhed b> blood having great antiviral power (17) The circumstances may be similar 
also with respect to the substance (or substances) that reacts with Wasscrmann 
rcagm The tissues of syphilitic individuals will vield the Wasserrnann substance a§ 
readflj as those of normal ones vet the reagin that circulates in their blood is not 
demonstrably absorbed in rrro In the light of these findings it scarcely seems sut 
p rising that the natural tissue anti bod) apparently fails to react in nw with the normal 
tissue substance and it need not seem strange that the antibodies induced in rabbits 
against sedimentable kidnev substances from alien species fail to exhibit nephrotoxic 
properties though capable of reacting in vitro with sedi men table constituents of rabbit 
kidne> cells (18) 

Natural Antibodies and Antigens in Relation to tl Non-Specific ’ Complement 
Fixation and to Other Serological Complexities 

It is obvious that the natural tissue antibody may complicate the results of 
serological experiments in which rabbit sera are used in mixture with tissue 
extracts Since natural antibodies of the same or s imilar sort may be 
present m other species (as the sedimentable tissue substances unquestionably 
are (5)) it seems possible that reactions between them may be responsible for 
some at least of the so called * non-specific” complement fixation reactions 
encountered in the past. 
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The literature on “non-specific” complement fixation reactions has been dealt with 
by Noguchi (19) and Gussenbauer (20), in \anous text books (21), and recentl> by 
Takenomata (22), Machie and Finkelstein (23), and Gibson (24) In addition to 
anticomplementary effects due to chemical inactivation or destruction or adsorption 
of complement, there are other, so called non specific, complement fixation reactions 
in which substances present m the serum of normal animals and man will fix comple- 
ment in mixture with a variety of “non-anbgemc” substances, amongst them peptone, 
glycogen, various extracts of tissues and bacteria, ammo acids, cholesterol, and 
alcohol. 

Many workers have observed that certain "non-specific” complement fixation 
effects can be more or less readily avoided by empirical means This has proved true 
also in the case of the natural tissue antibody As already mentioned (experiment of 
Table XIH), certain tissue antigens can be prepared, or diluted, in such a way that 
reactions with the natural antibody are avoided The samb purpose can often be 
achieved by diluting the serum Only occasionally hav e sera containing the natural 
tissue antibody been effective in dilutions beyond 1 16 or 1 32, in our experience, 
whereas the antibodies appearing m rabbit serum in response to foreign antigens often 
titer much higher, as is generally known 

Still another method long used empirically to avoid "non-specific” complement 
fixation is to heat the sera to such an extent that the non-specific effects are abohshed 
while the specific antibodies are left unaffected Noguchi (19), Kolmer (25), and 
Gibson (24) made much use of this procedure, and Casals and Palacios have recently 
apphed it with noteworthy success in complement fixation tests with vanous neuro- 
tropic viruses and their antibodies (26) The findings of the present work provide a 
rational basis for the use of heat for this purpose For they show that heating at 65°C 
for 30 minutes destroys the natural antibodies m normal rabbit serum without destroy- 
ing specific, mduced ones In the experiments of Tables XIH and XIV recourse was 
had to this procedure to bnng into sharp relief the specific reaction between the dis- 
tinctive substance of the Brown-Pearce tumor and its antibody and other specific 
antigen-antibody 7 reactions as well 

Duran-Reynals has reported upon a flocculation of tissue extracts by normal and 
immune sera of fowls and other animals (27) The phenomenon differs notably , how- 
ever, from that here dealt with For the flocculations took place only 7 at Ion tempera- 
tures, thev occurred when alcoholic as well as saline tissue extracts were employed, 
the titer of the serum factor responsible for them could be markedly 7 raised by immuni- 
zation with specific antigens, and the latter proved capable of absorbing concurrently 
both the non-specific flocculating factor and the specific antibodies 

Manx studies attest to the complexity of serological reactions with the fow 1 tumor 
agents, and to the close association of these agents with normal tissue constituents 
(28) In particular it has been shown by numerous workers (28) that the sera of 
normal adult fowls will not infrequently 7 neutralize the causative agent of Chicken 
Tumor I, and Andrew es and Amies have observed cross-reactions when the sera of 
fowls carrying vanous tumors were mixed with tissue suspensions containing the 
filtrable agents responsible for them It is conceivable that natural antibodies of the 
sort disclosed m the present study or mduced ones with similar affinities might be re- 
sponsible for some of the puzzling reactions, by acting upon normal tissue constituents 
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with which the disease producing agents ma> be associated. The possibility would 
seem to be brought nearer b> the findings of various workers (28) who have noted that 
the sera of rabbits and goats injected repeatedly with normal fowi tissue will neutralise 
the fif treble agent responsible for Chicken Tumor r, and also by observations of 
Chambers and Henle, who hate recently shown that antisera prepared by injecting 
mouse lung particles into rabbits possess the capacity to agglutinste particles of 
the sort injected as also to cany down influenia virus Type A when this is present, 
presumably in association with the normal tissue constituents (29) 

Reference has already been made to the fact that the natural antibodv can 
be disregarded in complement fixation tests in which the rabbit papilloma vims 
and its antibody are concerned (see the experiments of Tables XtH and XTV), 
for the reason that the ‘ normal” tissue constituent is not present in detectable 
amounts in papilloma extracts employed as antigen in such tests. It seems 
likely, however, especially in view of the work of Casals and Palacios already 
cited (26), that tn n fro reactions of the natural antibody and the normal tissue 
constituent may complicate serological tests with other viruses. This actually 
happened in the experiment of Table XIV in which normal rabbit sera, con- 
taining the natural tissue antibody, reacted with an antigen made from tissues 
inlected with fibroma virus, even though the antigen had been purified by 
differential tdtracentnfugution It follows that the natural antibody may 
prove useful os an indicator of the presence of "normal” tissue constituents in 
virus preparations punfied in this way, for, as will be discussed further on, the 
substance with which it reacts is thrown down in the high-speed centrifuge 
just as viruses are. In the experiment of Table XXV, the suspension of vac 
ctnial elementary bodies purified bv Dr Smadel was apparently devoid of the 
normal tissue constituent, and so too was the preparation containing punfied 
papilloma virus, for these did not react with the sera known to contain the 
natural antibody It is noteworthy that both viruses were procured from 
epidermal cells, which have been found to contain comparatively little of the 
normal tissue constituent with which the natural antibody reacts. 

The Constituent of Normal Tissue Cells mth Winch the Natural Antibody Reacts 

An outstanding property of the tissue constituent is that it can be thrown 
down readily in the high speed centrifuge, little or none remaining In the 
supernatant liquid of potent suspensions spun for an hour at speeds of 20,000 
to 30,000 R2P u (about 29,000 to 65,000 times gravity), as Table VII shows. 

Substances readilj sedimentable by means of high-speed centrifogation hare beea 
isolated from roost if not all of the normal and neoplastic plant and animal tissues 
studied hitherto (5 32) and recently from a yeast (30) and a bacterium (31) Claude 
has found (5 30) that sedimentable materials dertved from many normal tissues are 
complex chemical entities containing large proportions of alcohol-salable materials 
(phospholipids) as well as nudeoprotem of the ribose type When the chemical find 



574 NATURAL ANTIBODY AND CONSTITUENT OF NORMAL CELLS II 

ings are considered in relation to what is known about cellular antigens (33, 37), it does 
not seem surprising that the alcohol-soluble fractions should contain substances giving 
the Wassermannand Forssman reactions, and that the protein components should bear 
the stamp of the speaes from which they are derived, as Furth and Kabat have 
demonstrated (5) 

Henle, Chambers, and Group6 (5) have recently cited reasons for supposing that 
the sedimentable cell constituents mav possess distinctive organ-specific characters 
and hav e sought evidence for these bv injecting the sedimentable substances of \ anous 
tissues and speaes into rabbits The findings of Tables X, XI, and XU of the present 
paper do not necessarily imply, by contrast, that the sedimentable constituents of 
various tissues IacL organ-specific properties, they indicate, however, that the natural 
antibody does not distinguish any such In this relation the fact deserves mention 
that, with a few noteworthy exceptions, it has proved difficult if not impossible to 
define organ-specific substances by ordinary serological methods (33, 36), special 
techniques, — such as those employed in the work with nephrotoxins (34) and in the 
demonstration of passive anaphylaxis (35), — have usually been required to achieve 
this end 

In the experiments of the present paper, sera and tissues of the same species 
(sometimes of the same individual) were used, and immunization procedures 
were excluded, in order to avoid species- and presumably organ-specific effects 
Hence it seems significant that the material with which the natural antibody 
reacts appears to be the same or closely similar whether derived from one or 
another of widely various tissues (Tables X, XI, and XII) Several kinds of 
“heterogenetic” substances are widespread in nature (33), this being true 
especially of the substance (or substances) that reacts with Wassennann 
reagin (11), yet the substance with which the natural tissue antibody reacts 
differs notably from the “heterogenetic” substances heretofore described 
For it does not come away into alcohol as many of these do, it is unstable upon 
standing m salme solution and is destroyed by an amount of heating that has 
no deleterious effect upon the other substances mentioned (see Table IX), 
furthermore, though present m many normal tissues, it has not been detected 
m non-nucleated erythrocytes or m skin Its properties, viewed as a whole, 
suggest that it may be a protein Whether it will prove identical with one or 
another of the enzymes common to many tissue cells is a problem of immediate 
interest 

The Sedimentable Constituents of Normal Tissues and the Distinctive Substance 
of the Brovm-Pearce Carcinoma 

The sedimentable constituents of normal tissues had not been recognized 
when the observation was made that the Brown-Pearce tumor contains such a 
material and that this is distinctive in character and reacts specifically with an 
antibody which is present only m the blood of animals implanted with the 
tumor ( 1) But other sedimentable substances — the viruses — were knowm then 
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to be antigenic, and the antigen procured from the Brown Pearce tumor was 
found to bare several properties strikingly similar to those of certain viruses,— 
notably its comparatively large particle sue and weight as determined by 
ultrafiltratlon and ultracentnfugation and its reaction to changes m pH and to 
heat. When studied serologically its resemblance to the rabbit papilloma 
virus (Shope) seemed especially noteworthy, though the two proved wholly 
distinct from one another, and the Brown Pearce substance has proved non 
pathogenic upon Inoculation into normal animals under a variety of conditions 
(1, 38) Whether the distinctive substance of the Brown Pearce tumor re 
sembles more the sedimentable constituents of normal tissues than it does 
the viruses is a question that may be left to the future. In any case its 
specificity is manifest (see Tables Xlll and XIV) More will be said about 
it in forthcoming papers, m relation both to the normal tissue constituentherem 
described and to another distinctive sedimentable substance which has recently 
been found in the V2 carcinoma, a transplantable tumor derived from a virus- 
induced rabbit papilloma (39) 


smniASY 

Continued serological investigations of the sedimentable constituents of 
normal and neoplastic tissues have shown that the blood serum of normal rab- 
bits will fix complement in mixture with saline extracts of normal rabbit tissues. 
The phenomenon has proved referable, not to anticomplementary effects of 
serum or antigen nor to so called non-specific complement fixation, but to a 
naturally occurring serum principle, hitherto unrecognized which reacts 
specifically t» mtro with a sedimentable constituent of normal tissue cells 

The principle exists in the blood of nearly all adult rabbits but is absent 
from that of rabbits less than 1 month old It can be salted out from serum 
with ammonium sulfate and is destroyed when heated at 65°C for 20 to 30 
minutes. Its titer was found to run parallel in general with that of two natural 
antfbodies also present m normal rabbit s blood (natural Wassermann reagin, 
natural anti sheep hemolysin) but absorption tests showed It to be distinct 
from these Because of its properties, the serum principle has been termed the 
natural tissue antibody 

The substance with which the natural tissue antibody reacts is regularly 
present in saline extracts of maDy normal tissues those of rabbits and of 
other species aB well. Kidney and liver tissues always yield ft m abundance, 
while spleen, brain, and testicle provide somewhat less heart and voluntary 
muscle extracts contain relatively little, and non-nucleated erythrocytes and 
skin are practically devoid of it The results of affinity and absorption tests 
indicate that it is nearly or quite the same from whatever tissue or species 
derived It is readily sedimentable in the high speed centrifuge little or none 
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remaining in the supernatant liquid of potent suspensions spun at 25,000 r b m 
(45,400 g) for 1 hour It either does not come away mto alcohol or is in- 
activated thereby, is readily destroyed by heat (56-70°C for 30 minutes), and 
diminishes notably in antigenic potency upon standing overnight in saline 
suspension or when the tissues containing it are kept in glycerol Its properties 
suggest that it may be a protein. 

The implications of the findings are discussed in relation to the formation of 
the natural antibody and its place amongst serological phenomena, to so called 
“non-specific” fixation of complement and other serological complexities, and 
with particular reference to the character of the sedimentable constituents of 
normal and neoplastic tissue cells 
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Little is known of the mechanism of destruction of neurons by the virus of 
poliomyelitis The older theory (1) that neurons of the spinal cord are injured 
as a result of impaired circulation is apparently not widely supported at 
present Significant evidence has accumulated that the virus spreads through 
neurons (2) and that the mesodermal-glial changes are secondary to the in- 
volvement of nerve cells (3) It seems probable that the virus damages the 
neuron directly by its presence m the cell, disrupting some vital cellular 
function. 

However, the mere presence of virus in a neuron does not signify that the 
cell will be destroj ed Poliomyelitis virus has been shown to spread through 
many neurons in the brain without producing cellular necrosis (4) Reversible 
neuronal injury may account to some extent for the recovery from paralysis 
frequently observed in clinical cases of the disease The local pathological 
lesion produced by injection of poliomyelitis virus mto the visual cortex in 
the monkey is insignificant in comparison to the reaction around a similar 
moculum m the motor cortex (3) Recently, Bodian and Howe (5) have made 
the striking observation that highly susceptible neurons of the anterior horn of 
the spinal cord may, by interruption of their axons, be protected from 
poliomyelitis virus. 

It is reasonable to Suppose, as a working hypothesis, that the virus of polio- 
myelitis may interfere with certain specific metabolic activities of the nerve 
cell, and that the relative importance of these activities to a particular neuron 
may determine resistance or susceptibility to the virus. In beginning to 
explore this hypothesis, an investigation has been made of some aspects of the 
metabolism of the central nervous system of mice infected with poliomyelitis 
virus. In addition, normal tissues from regions of the central nervous system 
which have been shown to differ markedly m susceptibility to the virus have 
been examined to determine their metabolic activities. 

* Aided by a grant from The National Foundation for Infantile Paralyses, Inc 

J Assistance in the preparation of these materials was furnished by the personnel 
of Works Projects Administration Official Project No 665-71 3-69 subproject No 
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Methods 

Swiss albmo mice 4 to 6 weeks of age were inoculated mtracerebrallv with 0 03 cc. 
of a 10 per cent suspension of brain tissue from mice infected with the Lansing strain 
of poliomyelitis virus When definite paralysis became evident, the animal was 
sacrificed, the brain removed, weighed, dispersed in a mortar or finely minced, and 
suspended in Locke’s solution to make a 10 per cent suspension All was done as 
rapidly as possible In some instances, marked symptoms of encephalitis were 
present but in no case was the mouse monbund at the time it w’as sacrificed A 
suspension of normal mouse brain was prepared at the same time and in an identical 
manner, serving as a control 


TABLE I 


Metabolism of Mouse Brain Suspensions 




Oxygen utilization 



Anaerobic glycolysis 


Batch 

Normal 

Poliomyelitis 

Normal 


Poliomyelitis 


No of 
mice 

Oi 

uptake* 

No of 
mice 

0 1 

uptake* 

Deviation 
from the 
normal 

■ 

Sa 

co,t 

output 

No of 
mice 

COiJ 

output 

Deviation 
from the 
normal 

1 

5 

92 8 

3 

97 1 

per cent 

+4 6 

5 

51 6 


27 1 

per cent 

-47 5 

2 

4 

120 4 

4 

119 9 

-0 4 

6 

75 5 



-16 5 

3 and 4 

5 

86 5 

4 

86 2 

-0 3 

19 

87 9 

12 

74 1 

-15 7 

5 

8 

98 9 

6 

104 0 

+5 1 

14 


11 

93 1 

-7 3 

6 

5 

71 2 

6 

78 8 

+10 6 

5 

71 2 

5 


-14 5 

7 

8 

87 3 

8 

80 0 

-8 4 

7 

75 4 

7 

70 4 

-6 6 

8 

3 

128 6 

3 

107 6 

-16 3 

5 

94 8 

5 

74 4 

-21 5 

Total 

38 

95 0 

34 

93 4 

-1 6 

61 

84 4 

51 

70 5 

-16 5 


* Average of oxygen consumption ip c mm per 100 mg wet weight in first hour 
t Average of COe output m c jnm per 100 mg wet weight m first hour 


Oxygen utilization and anaerobic glycolysis of normal and poliomyelitic brain 
suspensions were measured by the usual manometnc methods at 37°C and pH 7 4, 
using the Barcroft-Warburg apparatus Approximately 100 mg wet weight of 
brain tissue was introduced mto each vessel In some instances, slices of mouse 
cerebrum were used and dry weight determined at the end of the experiment For 
oxygen consumption, a phosphate glucose-Locke medium was used, for anaerobic 
gly coly sis, a bicarbonate-glucose-sahne solution was used and the system filled with 
95 per cent Nj and 5 per cent COj 


RESULTS 

The results of investigation of the oxygen utilization and anaerobic glycolysis 
of suspensions of surviving brain tissue from normal and poliomyelitic mice 
are tabulated m Table L There was no significant difference in oxygen con- 
sumption of normal and infected brain with glucose as the substrate This 
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was confirmed in experiments on slices of cerebrum the average Qo, for normal 
brain was 10 4 and Qo, for poliomyelitic bram was 9 9 This is in conformity 
with the observations of Brodie and Words (6), who found no difference in 
oxygen consumption of normal and poliomyelitic spuml cord from monkeys 
No difference in oxygen consumption by normal and poliomyelitic bram tissue 
was noted in experiments using other substrates, such as lactate, pyruvate, 
succinate, and glycogen This was true even when these substrates were 
tipped into the vessel at the end of the th ir d hour, allowing endogenous 
substrates to be depleted 

In contrast to the results on oxygen consumption, a consistent and significant 
decrease in anaerobic glycolysis was observed in tests of pobomyebtic brain 
suspension (Table I) The as erage values from a large number of experiments 
showed a percentage decrease of 16.5 per cent from the normal The decrease 
was noted in practically every case although it varied in degree from 5 per cent 
to over 50 per cent in individual experiments. The percentage decrease in 
anaerobic glycolysis in the Infected brain varied considerably for different 
batches of mice of the same age and strain which may be related to the marked 
differences in susceptibility to pohomyehtis observed with different strains of 
Swiss mice (7) It was noted that the decrease of glycolysis was usually much 
greater when symptoms of encephalitis had been evident before the mouse was 
sacrificed, while simultaneously measured oxygen utilization remained un 
changed The wide variations in extent and Beventy of bram lesions in 
rodents infected with the Lansing strain of poliomyelitis virus (8) may help 
to explain the individual variations in the decrease of anaerobic glycolysis in 
infected bram tissue. 

Suspensions of cerebrum, brain stem minus cerebellum, and spinal cord from 
four pobomyebtic mice were compared with the same regions of the central 
nervous system from normal mice. The inhibition of anaerobic glycolysis in 
cerebrum and bram stem was over 30 per cent, while in spinal cord, the mhibi 
tion was slightly less 

In an attempt to find the reason why the anaerobic breakdown of glucose in 
bram is less m pohomyehtis, experiments were performed usmg sodium fluoride 
os an inhibitor (Table II) The percentage inhibition resulting from fluonde 
was consistently higher in the normal than m the infected bram, particularly 
with lower concentrations of fluonde. The residual glycolysis m poliomyelitic 
bram treated with flnonde was equal to the glycolysis in normal brain with 
fluonde m every experiment One of the major effects of fluonde is to inhibit 
glycolysis at the stage of breakdown of phosphoglycerate to phosphopyruvate. 
In contrast to the results with fluonde preliminary experiments indicate that 
monoiodoacetate exerts an equal inhibitory effect on anaerobic glycolysis of 
normal and poliomyelitic brain suspensions. 

Experiments were also performed to compare the dehydrogenase activity 
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of normal and poliomyelitic brain suspensions The technique used was the 
Thunberg method of determination of rate of decolonzation of methylene blue 
in an evacuated tube Without added substrate, the methylene blue was 
uniformly decolorized more rapidly by the infected than by the normal tissue 
The average decrease m decolonzation time was 20 per cent, but was much 
higher in individual experiments On the other hand, with addition of various 
substrates, for example glucose, lactate, and succinate, there was no significant 
difference observed between normal and poliomyelitic brain It appears 
possible that the more rapid decolonzation by the infected tissue may be 
related to the presence of a greater quantity of available substrate, due to 
changes in the chemical composition of the brain resulting from poliomyelitis. 
No quantitative correlation could be observed between the increase m de- 
hydrogenase activity and the decrease in anaerobic glycolysis in infected brain 

TABLE n 


The Eject of Sodium Fluortde on Anaerobic Glycolysis 


Concentration 


Normal 



Poliomyelitis 


N»F 

No of 
mice 

Without 

N*F 

WlthNaF 

Inhibition 

\$mm 

■gsl 

Without 

NaF 

With N»F 

Inhibition 

M/30 


66 5 * ; 

1 

8 9 


■ 


Wm 

■ 

■ 

M/60 


86 4 

9 1 


1 


■ 

IJJJi 

M/150 


100 3 

27 9 


■ 

78 9 



M/300 

1 

111 3 

40 6 



87 7 | 

ESI 

11 


* COj output m c.mm per 100 mg wet weight of brain per hour 


Preliminary observations have been made on the phosphatase activities of 
normal and poliomyelitic mouse brain suspensions, measured at pH 5 5 and 
pH 9 5, using veronal buffer The substrates tested were /3-glycerophosphate, 
nucleic acid isolated from mouse brain tissue, and adenosine triphosphate 
The suspension was incubated for 2 hours at 37°C in a shaking apparatus 
Inorganic phosphate was determined colonmetncally Although the number 
of experiments was small, the phosphatase activity of the infected brain 
appeared to be higher with mouse brain nucleic acid and adenosine triphos- 
phate as substrates, while no difference from normal was noted with 
/3-glycerophosphate as the substrate 

In an attempt to determine whether specific susceptibility of different brain 
regions to the virus of poliomyelitis might be related to differences m metabo- 
lism of these regions, a comparison has been made of oxygen consumption and 
anaerobic glycolysis of the motor cortex, visual cortex, and anterior hom of 
the spinal cord from normal animals Bodian and Howe (3) have demon- 
strated in the monkey that visual cortex is much less susceptible than motor 
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cortex to inoculation of poliomyelitis virus, and it is well known that anterior 
horn cells are high!) susceptible to this virus. 

The technique used in these experiments was as follows* — 

Dogs and cats were anesthetixed with pentobarbital sodium the calv&nura care 
full) removed In some cases motor cortex and in other instances visual cortex was 
excised and quickly sliced and washed in the medium containing glucose. The remain 
ing cortex (visual or motor in different experiments) which had remained tn situ with 
adequate circulation, was then excised and sliced in the same manner In this wav 
the *bces were obtained as fresh as possible Slices of anterior horn of the Iumbo- 


TABLE HI 

iftfabolitm of Different Regions of the Central Nervous Syitcn 
(Normal Dag and Cat) 
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experiments on chromatolytic anterior horn tissue obtained from dogs subjected 
to section of the sciatic and femoral nerves 3 weeks previously are also included, 
since chromatolysis greatly influences susceptibility of antenor horn cells to 
pohomyehtis One must be cautious m interpretation of the results on 
antenor horn slices because of the low metabolic activity of this tissue Of 
particular interest is the ratio Qcoi/Qosj which is consistently higher for motor 
cortex than for visual cortex Whether these results have any bearing on 
susceptibility of specific regions to pohomyehtis virus is still problematical 

DISCUSSION 

The only previous study of metabolic activity of surviving nervous tissue 
infected with pohomyehtis virus was reported by Brodie and Wortis (6), who 
found that minced brain and spinal cord from infected monkeys showed no 
significant change from normal m oxygen consumption or respiratory quotient 
It may be noteworthy that their data show a decrease m lactic acid content 
of the poliomyelitic brain 

All investigators agree that purified viruses do not utilize oxygen or carry 
out dehydrogenase activity (10-14) Phosphatase activity has been observed 
in bacteriophage (12), and tobacco mosaic virus (13), and phosphatase and 
catalase activities have been reported for elementary bodies of vaccinia (14) 
Of interest are the recent studies demonstrating the presence of biotm (15), 
copper (16), and flavin (17) m purified vaccinia virus 

SUMMARY 

1 During paralysis, the brain of the mouse infected with pohomyehtis 
virus shows on test after mincing a decrease in anaerobic glycolysis with no 
significant change m oxygen utilization The decrease in anaerobic glycolysis 
vanes from 5 per cent to 50 per cent 

2 Sodi um fluonde produces a greater inhibition of anaerobic glycolysis in 
normal than in poliomyelitic brain 

3 Dehydrogenase activity is higher for poliomyelitis-infected brain without 
added substrate This difference from normal disappears when substrates 
are added 

4 The ratio of ^ £ aero1:ilc glycolyses j Qr t ^ e s p cec } motor cortex is higher than 

Oxygen utilization 

for shced visual cortex of the dog and cat 

5 The oxygen consumption of the antenor horn of the shced spinal cord of 
dog and cat is much less than that of the cerebral cortex 

6 The findings are in keeping with the view that, at a certain stage of the 
infection, the nerve cells may be reversibly injured but not yet destroyed by 
the virus 
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